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^ NOVEL GUANIDINYL-SUBSTITUTBD HYDROXY- 6 -PHENYLPHBNENTHRIDINBS AS EFFECTIVE 

PHOSPHODIESTERASE (PDE) 4 INHIBITORS 



Field of application of the Invention 



The Invention relates to novel guanidlnyl-substituted hydroxy-e-phenylphenanthridine derivatives, 
which are used in the pharmaceutical industry for the production of phannaoeutical composltipns. 

Known technical backoround 

The International Patent applications W099/571 18 and WO02/05616 describe 6- 
phen^henanthridines as PDE4 inhibitors. 

In the International Patent application WO99/05112 substituted 6-allcylphenanthridines are described 
as bronchial therapeutics. 

In the International Patent application WO02/0e6476 benzonaphthyridine derivatives are described 
which have a guanldyl substHuent 

In the European Patent application EP 0490823 dihydrolsoquinoline derivatives are described which 
are useful in the treatment of astfima. 

The International Patent application WO2004A)18431 discloses 6-phenylphenanthridlnes as PDE4 
inhibitore. 

The International Patent application WO02/066476 discloses 6^)henylbenzonaphttiyridines as PDE4 
inhibitore. 

The US-Patent US6476a251 discloses 6-phenylphenantiiridlnes as PDE4 bihlbltora. 

The US-Patent US63068691 discloses benzonaphthyridine N-oxIdes as PDE4 Inhibitore. 

The International Patent applications WO2004/D19944 and WO2004A)19945 disclose hydroxy- 

substituted 6-phenylphenanUiridine8 as PDE4 inhibitore. 

Description of the invention 



It has now been found that tfie novel guanidlnyl-substituted 2- or 3-hydroxy-6-phenylphenantiiridInes 
described in greater detail below differ from ttie previously l<nown compounds by unanticipated and 
sophisticated structural alterations and have surprising and particulariy advantageous properties. 

The invention thus relates to compounds of formula 1, 
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R4 



R1 



R2 




(1) 



R31 



R5 



R7 



in which 

R1 is hydraxyl, 1-4C-alkoxy, 3-7C-<ydoalkoxy, 3-7C-<ycloall^lmethoxy, 2^-dMiioroethQxy. or 

completely or predominantly fluorine-sutisfituted 1-4C-alkoxy, 
1^ is hydroxyl, 1-40alko;v. 3-7C-c^loalkoxy, 3-7C-cycloa!kyImethoxy, 2,2-difluoroethoxy, or 

completely or predominantly fluorine-substituted 1-4C-alkoxy, 
or in which 

R1 and R2 together ane a 1-2C-alkylenedloxy group, 
R3 is hydrogen or 1-4C-alkyI, 
R31 is hydrogen or 1 -4C-alky!, 

either, in a first embodiment (embodiment a) according to the present invention, 
R4 is-0-R41.inwhich 

R41 is hydrogen, 1-4(>ali^l, completely or predominantly fluorine-substituted 1-4C-alkyl, 1-4C- 

alkoxy-1-4C-alkyl, hydroxy-2-4C-a(kyl or 1-7C-alkylcari3onyl, and 
1^ is hydrogen or 1-40alkyl, 

or, in a second embodiment (embodiment b) according to the present invention, 
R4 is hydrogen or 1 -4C-all^, and 
R5 is-0-R51,inwhich 

R51 is hydrogen, 1-4C-alkyl, completely or predominantly fluorine-substituted 1-4C-alkyl, 1-4C- 

alkoxy-1-4C-alkyl, hydroxy-2-4C-alkyl or 1-7C-alkyIcarbonyl, R6 Is hydrogen, halogen, nitro, 1- 
4C-alkyli trifluoromethyl or 1-4C-alkoxy, 

R7 is a radical of formulae (a), (b), (c) or (d) 



R12 
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In which 

if R7 is a radical of Ihe formula (b), 
either 

R8, R9, RIO and R11 Independently of one another are hydrogen, 1-7C-allcyl, 3-7C-cycIoailcyl, 
3-7C-cycloalkylnfiethyl, cyano, hydrQxy-2-4C-alkyli 1-4C-aWcoxy-2-4C-allvl or R28, 

or 

R8 Is hydrogen, 1-7C-alkyl. 3-7C-cycloalkyI, 3-7C-cycIoalkylmethyl, hydroxy-2-4C-alkyl, 1-4C- 
all<oxy-2-4C-aW^yl or R28. 

R9 is Is hydrogen, 1-7C-all(yl, 3-7C-cycloalkyl, 3-7C-<ycloall<ylmethyl, hydroxy-2-4C-all<yl, 1- 
4C-alkQxy-2-4C-allcyl or R28, and 

RIO and R1 1 , together and Including the nitrc^en atom to which both are bonded, are a pyrroll- 
dln-1-yl, piperidin-1-yI, azepan-1-yl, amcan-1-yi, azonan-1-yl, azecan-1-yl, morpholin-4-yl, 
tetrahydroisoqulnoIin-2-yl, tetrahydro-6,7-dimethoxy!soquinoIin-2--yl, 3,5-dimethyI-pynazoM-yl, 
pyrazol-1-yl. 2,6-dimethyl-morphoIin-4-yl, 2,6-dimethyl-plperidin-1-yl, 4-benzyl-piperidin-1-yl, 
thiomorphotln-4-yl or 1IH-1.2,4-triazol-1-yl radical, or a pIperazin-1-yl radical substituted In 4- 
position by R19, 

or 

R8 is hydrogen. 1-7C-all<yl, 3-7C-cycloalkyl, 3-7CH)ycloallcylmethyl, hydroxy-2-4C-all<yl, 1-4C- 
alico)^-2-4C-allVl or R28, 

R9 Is hydrogen, 1-7C-all<yl, 3-70cycloallcyl, 3-7C-(^cloaii<ylmethyi, hydroxy-2-4C-allcyl, 1-4C- 
all<a)v-2-4C-allcyi or R28, 

RIO is hydrogen, 1-7C-alkyl, 3-7C-cycloallcyi, 3-7C-cycioalkylmethyi, hydro3^-2-4C-all<yl, 1-4C- 
alk03^-2-4C-alkyl or R28, and 

R11 is Arytl, naphthyl, phenyl, phenyl substituted by R20 andft)r R21, phenyl-1-4&-a(kyl or 
phenyt-1-4C-all^ substituted t>y R22 and R23, 

in which 

if R7 is a radical of the formula (c), 
either 

R12, R13, R14 and R15 independently of one another are hydrogen, 1-'7C-aitcyl, 3-7C-(vclo* 
all^, 3-7C-cycloaUcylmethyl, hydroxy-2-4C-allcyl, 1-4C-alkoxy-2-4C-alkyl or R28, 

or 

R12 and R13 Independently of one another are hydrogen, 1-7C^lkyl, 3-7C-cydoallQ^, 
3-7C-cydoalkytmethyl, hydro)cy-2-4C-alkyl, 1-4C-alkoxy-2-4C-alky( or R28, and 
R14 and R15, together and Including the nitrogen atom to which both are bonded, are a pyn-oll- 
din-l-yf, piperidin-1-yl, azepan-1-yI, azocan-1-yi, azonan-1-yl, azecan-1-yl, morpholin-4-yl, 
tetrahydroisoqulnolin-2-yl, tetrahydro-6,7"dimethoxyisoquinolln-2-yi, 3»5-dimethyi-pyrazol-1-yl, 
pyrazoM-yl, 2,6-dlmethyl-morpholin-4-yl, 2,6-dimethyl-piperidln-1-yl, 4-benzyl-piperidin-1-yl, 
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thiomorpholiiv4-yl or 1H-1,2,4-triazol-1-yl radical, or a plperazin-1-yl radical substituted in 4- 
position by R19, 

or 

R12 and R13, together and including the nitrogen atom to which both are bonded, are a pymoll- 
din-1-yl, piperidin-1-yl, azepan-1-yl, morpholino-4-yl, 4-(1-4C-a!kyl-)-plperazin-1-yl, 2,6-dl- 
niethyl-morpholin-4-yI, 2,6-dimethyl-piperidin-1-yl, 4-ben2yl-piperidin-1-yl orthiomorpholin-4-yl 
radical, and 

R14 and R15, together and including the nitrogen atom to which both are bonded, are a pynroli- 
din-1-yl, piperidin-1-yl, azepan-1-yl, morpholino-4-yl, 4-(1-4C-alkyl-)-piperazin-1-yI, 2.6- 
dlmethyl-morpholln^yl, 2.6-dimethyI-piperldin-l-yl, 4-benzyl-plperidlrT-1-yl orthiomorpholin-4- 
yl radical, 

or 

R12 and R15 independently of one another are hydrogen or 1-4C-alkyl, and 

R13 and R14, together and with inclusion of the N-C(=)-N stmcture to which they are bonded, 

are a hexahydropyrimidln-2-ylidene or imidazolidin-2-ylidene radical, 

in which 

if R7 is a radical of the formula (d), 

R16 is hydrogen, 1-7C-alkyl, 3-7C-cycloalkyl, 3-7C-cycloalkyImethyl. hydroxy-2-4C-alkyl, 1-4C- 
alkQxy-2-4(>alkyl or R28, and 

R17 and R18, together and with inclusion of the N*C(-)-N structure to which they are bonded 
areAiyl2, 

Aryll ls4-meth^tWa2X>K-2-yl, ben2lmlda2ol-2-yl, 5-niiroben2lmIdazol-2-yI, 5-chlorobenzimidazol-2-yl. 
5Hiiethylbenzimidazol-2-yl, 4-methylquinazolin-2-yL benzothia2X)l-2-yl, benzQxazDl-2-yi or 
pyrimIdln-2-yl, 

Aryl2 is 1-methyl-4-oxo-4,5-dlhydit)-1H-imidazol-2-yl. imida2ol-2-yl, 4,5-dicyano-imidazol-2-yl, 4-me- 
thyl-imidazol-2-yI, 4-ethyl-benzimidazol-2-yl, 4-acetyl-imidazol-2-yl, 1H-I1.2,4]triazol-3-yl, benz- 
imidazol-2->i, 1-methyl-ben2im!dazol"2-yl. 1-ethyl-ben2imldazol-2-yl, 5,6-dimethyl- 
benzimldazol-2-yl, purin-8-yl, 6-amlno-7-methyl-7H-purine-8-yl, 1,6'dimethyllmldazo[4,5- 
b]pyridin'2-yl, 1,5,6-trimethylimidazo[4,6-blpyridin-2-yl. 1,3-dimethyl-3,7-dihydno-1H-purine-2.&- 
dione-8-yl, 7-^thyl'*methyl-3,7-dihydPO-purlne-2.6-dione-8-yl, 1,3,7-trimethy|.3,7-dihydro- 
purine-2,6-dione-8-yl,thladiazolyl, 1,4-dlhydrotetra2ml*yl, 1H-I1.2,4]tria2ol-3-yl, 
1,3-dihydit)benzimldazol-5-yl. 1H-tetrazol-5-yI. pyrlmldln-2-ylor4,6-dimethyl-pyrlmldin-2-yl, 

R19 Is 1-4C-aIkyl, fbmiyl, 3-7C-cycloalkyl, 3-7C-cycloalkylmethyl, 1-4C-alkoxycarbonyI-1-40alkyl, 
1-4C-alkyIcarbonyl, hydroxy-2-4C-alkyl, 1-40alkoxy-2-4C-aIkyl, hydroxy-2-4C-a!koxy-2-4C- 
alkyl. 1-4C-alkoxy-2-4C-alkoxy-2-4C>-alkyl, phenyl, phenyl substituted by R24 and/or R25, 
[benzo(1,3)dioxol]^ytmethyl, phenyH-4C-alkyl or phenyl-1-4C-alkyl substituted in the phenyl 
moiety by R26 and/or R27, 

R20 is halogen, nitro, carboxyl, 1-4C-alkyl. Irifluoromethyl or 1-4C-alkoxy, 
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R21 is halogen, 1 -4C-^lkyl or 1-4C-alkoxy, 

R22 is halogen, nitro, carboxyl, 1-4C-alkyl, trifluoromethyl or 1^4C^lk0xy, 
R23 Is halogen, 1 -4C-alkyl or 1 -4C-a(koxy, 

R24 Is halogen, nitro. carboxyl, 1-4C-aIkyl, 1-4C-alkylcarbonyl, trifluoromethyl or 1-4C-alkQxy, 
R25 Is halogen, 1 -4C-alkyl or 1 -4C-alkoxy, 

R26 is halogen, nitro, carboxyl, 1-4C-alkyl, trifluoromethyl or 1-4C-alko)v. 
R27 Is halogen, 1-4C-alkyl or 1-4C-alkoxy, 
R28 is R29(R30)N-2-4C-alkyl wherein 

R29 and R30, together and Induding the nitrogen atom to which both are bonded, are a pyn-olfdIn-1- 
yl, plperidln-1-yl, plperazin-1-yl, 4-(1-4C-alkyl-)pIpera2ln-1.yl, azepan-1yl. azocan-1-yl, azonan- 
1-yl, azecan-l-yl, tetrahydrolsoqulnolln-2-yl, tetrahydro^J^imethoxyisoquinolin-2-yl, 3.5- 
dlmethyli)yrazoH-yl, pyrauwH-yl, mofpholln-4-yl, 2,6-dlmethyl-morpholln-4-yl. 2,6-<flmethyl- 
plperidln-1-yl, 44)enzyl-plperidln-1-yl, thIomorpholln-4-yl or 1H-1,2,4-triazol-1-yl radical, 

the salts of these compounds, as well as the N-oxides, enantlomers, E/Z Isomeis and tautomeis of 

these compounds and their salts. 

1- 4C-Alkyl represents a straight-chain or branched alkyi radical having 1 to 4 carbon atoms. Examples 
which may be mentioned are the butyl, Isobutyl, sec-butyl, tert-butyl. propyl, Isopropyl and, preferably, 
the ethyl and methyl radicals. 

2- 4C-Alkyl represents a straight-chain or branched alkyI radical having 2 to 4 carbon atoms. Examples 
which may be mentioned are the bu^, Isobutyl, seo-butyl, tert-butyl, propyl, isopropyl and. preterably, 
the ethyl radteab. 

1-4C-Aikoxy represents radicals which, in addition to the oxygen atom, contain a straight-chain or 
branched alkyI radical having 1 to 4 carbon atoms. Examples which may be mentioned are the butoxy, 
isobutojqr, sec-butwy, tert-butoxy, propoxy, isopropoxy and, preferably, the ethoxy and methoxy radi- 
cals. 

3- 7C-CycloalkQxy represents, for example, cyclopropyloxy, cydobutyloxy, cyctopentyloxy, 
cydohexyloxy and cydoheptyloxy, of which (^opropytoxy, cydobutyloxy and cyclopentyloxy are 
preferred. 

3-7C-Cycloalkylmethoxy represents, for example, cydopropylmethoxy, cydobutylmethoxy, ^ 
Ordopentylmethoxy, cyclohexylmethoxy and cydoheptylmethoxy, of which cyclopropylmethoxy, 
cydobutylmetho)^ and cydopentylmethoxy are prefen^d. 

As 1 -4C-AIkoxy which Is completely or predominantly substituted by fluorine, the 2,2.3,3,3-pentafluo- 
ropropoxy, the perfluoroethoxy, the 1,1,2.2-tetrafluoroeth0)y, the 1,2.2-trifluoroethoxy. the trifluoro- 
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methoxy, in particular the 2,2,2-trifluoroethQ3cy, and preferably the difluoromethoxy radicals, for 
example, may be mentioned. In this context, "preddminantl/' means that more than half of the 
hydrogen aSoms of the 1-4C-alkoxy groups are replaced by fluorine atoms. 

1-2C-Alkylenedioxy represents, for example, the methylenedlo)^ (-O-CH2-O-) orlheelhylenediQ)^ 
(-O-CH2-CH2-O-) ladfcd. 

If R3 and R31 together have the meaning 1-4C-alkylene. the positions 1 and 4 in compounds of the 
fonnula 1 are linked to one another by a 1-4C-alkylene bridge, 1-4C-alkylene representing straight- 
chain or branched alkylene radicals having 1 to 4 carbon atoms. Exantples which may be mentioned 
are the radicals methylene [-CH2-], ethylene [-CH2-CH2-], trimethylene [-CH2-CH2-CH2"], 1,2-dimethyl- 
ethylene [-CH(CH3}-CH(CH3>-] and isopropylidene [*C(CHd)r]- 

Halogen within the meaning of the Invention is fluorine, chlorine or bromine. 

1-7C-AII^ represents straight-chain or branched alkyi radicals having 1 to 7 cartjon atoms. Examples 
which may be mentioned are the heptyi, isoheptyl (5-methylhexyl), hexyl, isohexyl (4-methylpentyl), 
neohexyi (3,3<limethyibutyl), pentyl. isopentyl (3-methylbutyl). neopentyl (2,2-dimethylpropyl), butyl, 
isobutyl, seo-butyl, tert-butyl, propyl, isopropyl, ethyl or methyl radical. 

3-7C-CydoalM represents the (^dopropyl, cyclobutyl, cydopentyl, cydohexyi or cydoheptyl radical. 

S-7C-Cydoalkyimethyl represents a methyl radical which is substituted by one of the abovementioned 
3-7C-cydoallcyl radicals. Examples which may be mentioned are the cycloalkylmethyi radicals cycle- 
propylmethyl, cydobufylmethyl and cyclopentylmethyl. 

Hydroxy-2-4C-alkyl represents 2-4C-ali^ radicals which are substituted by a hydroxyl group. 
Examples which may be mentioned are the 2-hydroxyethyl and the 3-hydroxypropyl radicals. 

An example whidi may be mentioned for a hydroxy-2-4C-alkoxy-2-4C-alkyl radical Is the (2- 
hydraxyettioxy)etiiyl radical. 

An example of a 1-4C-alkoxy-2-4C-alkoxy-2-4C-alkyl radical is tiie (2-methoxyettioxy)ettiyl radical. 

1-4C-Alkylcart)onyl is a carbonyi group to which one of die abovementioned 1-4C-alkyl radicals is 
bonded. An example is tiie acetyl radical [CH3C(0>]. 
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I^C-AIkoxycarbonyl is a caibonyl group to which one of the at>ovemeneoned 1-4C-alkoxy radicals is 
bonded. Examples are the melhoxycarbonyl {CHaO-CCOH and the ethoxycartwnyl [CHsCHaO-CCOH 
radical. 

1-4C-Aii{oxycarbonyl-1-4C-allcyl stands for one of the abovementioned l^alkyl radicals, which is 
substituted by one of the abovementioned 1-4C-alkoxycart)onyl radicals. An example Is the 
ethoxycarbonylmelhyl radical [CH3CH20C(0)CH2^J. 

1-4C-Alkoxy^2-4C.alkyl represents a 2-40alkyl radical, which Is substituted by one of the 
abovementioned 1-40alkoxy radicals. Examples which may be mentioned are the methoxyethyl and 
the ethoxyethyl radical. 

Phenyl-1-4C-alkyl radicals stand for one of the abovementioned 1 -ACsAk^ racBcals substituted by an 
phenyl group. Examples which may be mentioned are the phenyteihyt and the ben^ radical 

R29(f»0)N-2-4C-all<yl radicals stand for one of the above-mentioned 2-4C-radicals substituted by an 
R29(R30)N- group. Examples which may be mentioned are morpholln-4-ylethyl and the 
thlomorpholln-4-yIethyl radicals. 

"Nkjxides of these compounds" stands for any single or multipte N-ox]de(s). which can be fbmied star- 
ting from the compounds of fomiula 1. as weU as any mbctures of ttie single or multiple N-oxIdes in 
any mixing ratio. Prefen^ are the single N-oxides at the nitrogen atom in 5iX)sition of the 
phenanthridine ring system. 

In the fonnulae (a), (b). (c) or (d) the hori^intal dotted lines indicate 

T" "I" T ■ -f 



that R7 Is bonded to the carbonyl group in fbimula 1 via the bond that bears the horizontal dotted line. 
The additional dotted Hnes In formula (d) Indicate that there can be In the indicated positions a single 
or a double bond. 

The substituents R6 and -C(0)R7 of the compounds of the fonnula 1 can be attached in the orlho, 
meta or para position with respect to the binding position In which the 6-phenyl ring is bonded to the 
phenanthridine ring system. Preference is given to compounds of the fonnula 1, in which R6 is 
hydrogen and -C(0)R7 is attached in the mete or in the para position, whereby in a special 
embodiment R6 is hydrogen and -C(0)R7 is attached in the para position. 
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Sultabfe salts of compounds of the formula 1 - depending on substitution - are all add addition salts or 
all salts with bases- The phannacoIoglcaBy tolerable salts of tlie Inorganic and organic adds and 
bases customarily used In pharmacy may be partlculariy mentioned. Those suitable are, on the one 
hand, water-soluble and water-insoluble acid addition salts with acids such as, for example, 
hydrochloric add, hydrobromlc add, phosphoric acid, nitric add, sulfuric acid, acetic add, citric add, 
D-gluconicacid. benzoic add, 2-(4-hydroxybenzoyl)benzofc acid, bulyric add. sulfosalicylic add, 
maleic add, lauric add, malic add, fumaric add, sucdnic acid, oxalic add. tartaric add, embonic add, 
stearic add, toluenesulfonic add, methanesulfonic add or 3-hydroxy-2-naphthoic add, where the 
acids are employed In salt preparation - depending on whether a mono- or polybasic add is concerned 
and depending on which salt Is desired - In an equimolar quantitative rafio or one differing therefrom. 

On the other hand salts with bases are also suitable. Examples of salts with bases which may be 
mentioned are alkali metal (lithium, sodium, potassium) or caldum. aluminum, magnesium or titanium 
salts, where here too the bases are employed in salt preparation in an equimolar quantitative ratio or 
one differing therefirom. 

Pharmacologically Intolerable salts which can be obtained first, for example, as process products in 
the preparation of the compounds according to the invention on an industrial scale, are converted into 
phannacologically tolerable salts by methods known to the person skilled in the art 

it is known to the person skilled in the art that the compounds according to the Inventton and their 
salts, for example when they are isolated in crystalline fonn, may comprise vaiying amounts of 
solvents. Accordingly, the invention also embraces all solvates and in particular all hydrates of the 
compounds of the fbmiula 1, and also all solvates and in particular all hydrates of the salte of the 
compounds of the fomnula 1 . 

Compounds of the fonmula 1 to be emphasized are those in which 

R1 is hydroxyl, 1-4C<ilkoxy, 3-7C-cydoalkoxy. 3-7C-<ydoalkylmethoxy, 2,2-difluoix)ethoxy, or 

completely or predominantly fluorine-substituted 1-4C-alkoxy, 
R2 is hydro)qfl, 1-4C-alkoxy, 3-70K3ydoalkoxy, 3-7C-<ydoalkylmethoxy. 2,2-dIfluoroethoxy, or 

completely or predominantly fluorine-substituted 1-4C-alkoxy, 
or in which 

R1 and 1^ together are a 1-*20aikylenedioxy group, 
R3 is hydrogen or 1-4C-alkyl, 
R31 is hydrogen or 1-4C-aIkyl, 

either, in a first embodiment (embodiment a) according to the present invention, 

R4 ls-0-R41.inwhich 

R41 is hydrogen or 1-7C-alkylcarbonyl, and 
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R5 is hydrogen. 

or, in a second embodiment (embodiment b) according to the present invention, 

R4 is hydrogen, and 

R5 is-0-R51, inwhich 

R51 is hydrogen or 1 -7C-allcylcarbonyl, 

R6 Is hydrogen, haiogen, nitro, 1-4C-alkyl, tiifluoromethyl or 1-4C-all<oxy, 

R7 is a radicai of fonmulae (a), (b), (c) or (d) 



in which 

if R7 is a radical of the formula (b), 
either 

R8, R9, RIO and R11 independently of one another are hydrogen, 1-7C-all^l, 3-7C-cycloail^l, 
3-7C-cycloall^tmethyl or hydroxy-2-4C-altcyi, 

or 

R8 is hydrogen, 1-70allcyl, 3-7C-cycloalkyl, 3-7C-cycioalkyimethyl or hydroxy-2-4C-allcyl, 
R9 is hydrogen, 1-7C-alkyl, 3-7C-cyctoallcyi, 3-7C-i^cloallcylmethyl, hydroxy-2-40allcyl. and 
RIO and R11, together and including the nitrogen atom to which both are bonded, are a pyrroli- 
din-1-yl, piperidin-1-yl, azepan-1-yl, azocan-1-yl, azonan-1-yi, azecan-1-yl, morpholin-4>yl, 
tetrahydroisoquinolin-2-yl, 3,5-dimethyl-pyrazol-1-yi, pyrazol-1-yl, 2,6-dlmethyl-morpholin-4-yl, 
2.6-dimethyl-piperidin-1-yl, thiomorpholin-4-yl or 1H-1,2,4-triazoM-yl radicai, or a piperazin-1- 
yl radical substituted in 4-position by R19, 

or 

R8 is hydrogen, 1-7C-all<yl, 3-7C-cycIoall^l, 3-70cyc!oall<ylmethyl or hydroxy-2-4C-alkyl, 
R9 is hydrogen, 1-7C-aIlcyl, 3-70<ycloallvl. 3-7C-cycloalkyImethyl or hydroxy-2-4C-all<yl, 
RIO is hydrogen, 1-7C-alkyl, 3-7C-cycloall;yl, 3-7C-cycloall^methyl or hydraxy-2-4G^IIiyl, and 
R11 Is Aryil, naphthyl, phenyl, phenyl substituted by R20 and/or R21, phenyl-1-4C-alkyl or 
phenyl-1-4C>all<yl substituted by R22 and R23, 

in which 

If R7 is a radicai of the fonnula (c), 
either 

R12, R13, R14 and R15 independently of one another are hydrogen, 1-7C-aikyl, 3-7C-cyclo- 
alkyl, 3-7C-cycloallcylmethyl or hydroxy-2-4C-all<yl, 

or 



1 



r 



R12 




wo 2005/077906 



PCT/EP2005/050708 



-10- 

R12 and R13 independently of one another are hydrogen. 1-7C-alkyl, 3-7C-<vcloalkyl. 
3-7C-cycloalkylmethyl or hydro3^-2-4C-alkyl, and 

R14 and R15, together and including the nitrogen atom to which both are bonded, are a pyn-oli- 
dln-1-yl, piperidin-1-yl, azepan-1-yl, azocan-1-yl, azonan-1-y!, azecan-1-yl, morpholin-4-yl. 
tetrahydroisoquinolin-2-yl, 3,5-djmethyl-pyrazol-1-yI, pynazoH-yl, 2,6-dimethyl-morpholin-4-yl. 
2,6"dimethyl-piperidin-1-yl. thiomorpholin-4-yl or 1H-1,2.4-triazol-1-yl radical, or a piperazin-1- 
yl radical substituted in 4*position by R19, 

or 

R12 and R13. together and including the nitrogen atom to which both are bonded, are a pynroli- 
din-1-yI, piperidln-l-yl, azepan-1-yl. morphollno-4-yl, 4-(1-4C^kyl-)-plperazin-1-yl, 2,6-di- 
methyl-fnorpholin-4-yl, 2,6-dimethyl-piperidin-1-yl orthlomorphorin-4-yl radical, and 
R14 and R15, together and including the nitrogen atom to which both are bonded, are a pym)li- 
din-1-yi, piperidin-1-yl, azepan-1-yl, morpholino-4-yl, 4-(1-4C-allcyl-)-piperazln-1-yl, 2,6- 
dimethyl-morpholln-4-yl, 2,6-dimethyl-plperidln-1-yl orthIomorpholln-4-yl radical, 

or 

R12 and R15 independently of one another are hydrogen or 1-4C-alkyli and 

R13 and R14, together and with inclusion of the N-C(=)-N stmcture to which they are bonded. 

are a hexahydropyrimldin-2-ylidene or lmidazolidin-2-ylidene radical. 

In which 

if R7 Is a radical of the formula (d), 

R16 Is hydrogen, 1-7C-alkyl. 3-7C-cycloalkyl, 3-7C-cycloalkylmethyl or hydroxy-2-4C-alkyl. and 
R1 7 and R1 8, together and with Inclusion of the N-C(-)-N structure to which they are bonded 
areAryl2, 

Aryll is 4-methylthiazol-2-yl, benzimldazol-2-yl, 5-nitrobenzimidazol-2-yl, 5-chlorobenzimidazol-2-yl, 
6-methylbenzimidazol-2-yl, 4-methylquinazolin-2-yl, benzothiazol-2-yl, benzoxazol-2-yl or 
pyrimidln-2-yl, 

Aryl2 is 1-methyl-4-oxo-4,5-dihydro-1H.imidazol-2-yl. imidazoI-2-yl, 4,5-dlcyano-imidazol-2-yl, 4-me- 
thyl-imidazol-2-yl, 4-ethyl-benzimidazol-2-yl. 4-acetyl-imldazol-2-yl, 1H-I1,2.4]triazol-3-yl, benz- 
imldazol-2-yl, 1-methyl-ben2imldazol-2-yl, 1-ethyl-benzlmidazol-2-yl. 5,6-dimethyl- 
benzlmidazol-2-yl, purln-&-yl, 6-amlno-7-methyl-7H-purine-&-yl, 1,6-<limethylimldazo[4,5- 
b]pyridln-2-yl, 1,5,6-trimethyllmldazo[4,5-b]pyrldin-2-yl, 1,3-dimethyl^.7-dlhydro-1H-purine-2,6- 
dione-8-yl, 7-«thyl-*inethyl-3,7-dihydroi)urine-2,6-dione-8-yl, 1,3,7-trimethyl-3,7-dihydro- 
purine-2,6-dlone-8-yI,thiadiazolyl, 1,4-dihydrotetrazol-5-yl, 1H-I1,2,4]triazoW-yl. 
1.3-dihydrobenzimida2ol-5-yl. 1H-tetrazol-5-yl, pyrimidin-2.ylor4.6-dimethyl-pyrimldin-2-yl, 

R19 is 1-40alkyl, fbnmyl. 1-4C-alkylcarbonyl, 2-hydroxyethyl, phenyl, phenyl substituted by R24 
and/or R25, phenyl-1-4C-alkyl or phenyl-1-4C-alkyl substituted in the phenyl moiety by R26 
and/or R27, 

R20 Is halogen, nitro, carboxyl, 1-4C-alkyl. trifluoromethyl or 1-4C-alkoxy, 
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R21 is halogen. 1-4C-alkyi or 1-4C-alkoxy, 

R22 is halogen, nitro, carboxyl, 1-4C-alkyl. trifluoromethyl or 1-4C-alkoxy, 
R23 Is halogen, 1-4C-alkyl or 1-4C-allcoxy, 

R24 is halogen, nitro, carboxyl, 1-4C-aBcyl, trifluoromethyl or 1-4C-allcoxy, 
R25 is halogen, 1 -40allcyl or 1 -4C-all<oxy, 

R26 is halogen, nitro, carboxyl, 1-4C-alkyl, trifluoromethyl or 1-4C-all<oxy, 
R27 is halogen, 1 -4C-allcyl or 1 -4C-alkoxy, 

the salts of these compounds, as well as the N-oxides, enantiomers, E/Z isomers and tautomers of 
these compounds and their salts. 

Compounds of the fbnmula 1 to be in particular emphasized are those In whidi 

R1 is 1-2C-alkoxy, 3-5C>cydoalkoxy, 3-5C-cycloalkylmethoxy, 2,2-difluoroethoxy, or completely or 

predominantly fluorine-substitufed 1-2C-alkoxy, 
R2 is 1 -2Oalk0)y, 3-5C-cycloaIkoxy, 3-5C-cycloalkylmethoxy, 2,2-difluoroethoxy, or completely or 

predominantly fluorine-substituted 1-2C-alkoxy, 
R3 is hydrogen, 
R31 is hydrogen, 

either, in a first embodiment (embodiment a) according to the present invention, 

R4 is -OR41 , in which 

R41 is hydrogen or 1-4C-aikylcarbonyl, and 

R5 is hydrogen, 

or, in a second embodiment (embodiment b) according to the present invention, 

R4 is hydrogen, and 

R5 ls-aR51,inwhlch 

R51 is hydrogen or 1 -4C-a!kylcarbonyl, 

R6 is hydrogen, halogen, nitro, 1-4C-alkyl, trifluoromethyl or 1-4C-alkoxy, 
R7 is a radical of fomiulae (a), (b), (c) or (d) 

HN^NH m-^Y^^^ ^Y'^"R13 Rie-^Y''^^'*" 
""2 R11 RIO R15 R14 Rio 



invvhich 

if R7 is a radical of the formula (b). 
either 

R8 is hydrogen, and 

R9, RIO and R11 independently of one another are hydrogen, 1-4C-alkyI, 3-7C-cycloalM or 
3-7C-cydoalkylmethyl, 
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or 

R8 is hydrogen, 

R9 is hydrogen, 1-4C-aIkyl, 3-7C-GycloaIkyl or 3-7C-cycloalkylmethyl. and 

RIO and R11, together and including the nitrogen atom to which both are bonded, are a pyrroli- 

din-1-yl, piperidln-1-yl. azepan-1-yl. azocan-1-yl, azonan-1-yI, azecan-1-yl, morpholin-4-yl, 

tetrahydroisoqulnolln-2-yl, 3,5-^imethyl-pyrazol-l-yl, pyrazol-1-yl, 2,6-dimethy!-morpholin-4-yl 

or2,6-dlmethyl-piperidin-1-yl radical, ora piperazln-1-yl radical substituted in 4-position by 

R19, 

or 

R8 is hydrogen, 

R9 is hydrogen, 1-7C-alkyl. 3-7C-cycloalkyi or3-7C-cydoalkylmethyl, 

RIO Is hydrogen, 1-7C-all^, a-7C-<ycloallcyl or3-7C-<ycloalkylntethyl, and 

R11 Is Aryl1, naphthyl, phenyl, phenyl substituted by R20 and/or R21, phenyl-1-4C-alkyl or 

phenyl-1-4C-a»cyi substituted by R22 and R23, 

in which 

if R7 is a radical of the fonnula (c), 
etther 

R12, R13, R14 and R15 Independently of one another are hydrogen, 1-4C-alkyl. 3-7C-cyclo- 
alkyl or 3-7C-cycloalkylmethyl, 

or 

R12 and R13 Independently of one another are hydrogen, 1-4C-aIlqrl, 3-7C-cycIoallcyl or 
3-70qrcloalkylmethyi, and 

R14 and R15, together and including the nitrogen atom to which both are bonded, are a pyrroli- 
din-1^, piperldin-1-yl. azepan-1-yl. azocan-1-yl, azonan-1-yl, azecan-1-yl, morpholin-4-yl. 
tetrahydroisoquinolln-2-yl, 3,5-dimethyl-pyrazol-1-yl, pyrazoi-1-yl, 2p6-dimethyl-morpholin-4-yl 
or 2.6-dimethyl-piperldin-1-yl radical, or a piperazln-l-yl radical substituted in 4-position by 
R19, 

or 

R12 and R13, together and including the nitrogen atom to which both are bonded, are a pynroll- 
din-1-yl, piperidin-1-yi, azepan-1-yl, morpholino-4-yl, 4-(1-4C-alM-)-piperazln-1-yl, 2,6-di- 
methyl-morpholin-4-yl or 2.6-dimethyl-pIperldin-1-yl radical, and 

R14 and R15, together and Including the nitrogen atom to which both are bonded, are a pyrroll- 
din-1-yl, piperidln-1-yl. azepan-1-yl, morphoUno-4-yl, 4-(1-4C-aikyl-)-plperazln-1-yl, 2,6- 
dimethyl-morpholin-4-yl or 2,6-dlmethyl-piperldin-1-yl radical, 

or 

R12 and R15 independently of one another are hydrogen or 1-4C-allcyI, and 

R13 and R14, together and with inclusion of the N-C(=)-N structure to which they are bonded, 

are a hexahydropyrimidin-2-ylidene or imidazolidin<-2-ylidene radical. 
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in which 

if R7 is a radical of the formula (d), 
R16 is hydrogen, and 

R17 and R18, together and with inclusion of the N-C(-)-N stmcture to which they are bonded 
areAryl2, 

Aryll is4Hiiethytthiazol-2-yl, benzimldazol-2-yl, 5-nitrobenzimidazol-2-yl, &chlorobenzimidazol-2-yi, 
5Hfnethylbenzlmidazol-2-yl, benzothiazol-2-yi or benzoxazol-2-yl, 

Aryl2 Is 1-nit6thyi'4-oxo-4,5-dihydio-1H-iniidazol-2-yl, imidazol-2-yi, 4,5-di(^ano-imldazol-2-yl, 4-me- 
thyl-imida2K)l-2-yl, 4-ethyl4)enzimidazol-2-yl, 4-acetyl-imidazol-2-yt, 1H-[1,2,4]triazol-3-yl, benz- 
im!dazol-2-yl, 1-methyl-benzimidazol-2-yl, 1-ethyl-benzjmidazol-2-yl, 5,6-dimethyl- 
benzimldazol-2-yl, purin-8-yl, 6-amino-7-methyl-7H-purine-8-yl, 1,6-<limethyKmidazo[4,5- 
b]pyridin-2-yl, 1 .5,6-trimethylimidazo[4,5-b]pyridin-2-yl, 1 ,3-dimethyl-3.7-dihydro-1 H-purine-2,6- 
dione-8-yl, 7-ethyl-3HTfiethyl-3,7-dihydro-purlne-2,6-dione-8-yl, 1,3,7-trimethyl-3,7-dlhydro- 
purine-2,6-dione-8-yl or 1H-[1,2,4]triazol-3-yl, 

R19 Is 1-4C-alkyl, fonmyl, 1-4C-alkylcarbonyl, 2-hydroxyethy|, phenyl, phenyl substituted by R24 
and/or R25, phenyl-1-4C-alkyl or phenyl"1-4C-allcy! substituted in the phenyl moiety by R26 
and/or R27, 

R20 is halogen, nitro, 1-4C-aikyl or 1-4C-alla)xy, 

R21 is halogen, 1-4C-iallcyl or 1-4C-alkoxy, 

R22 is halogen, nitro, 1-4C-alkyl or 1-4C-alkoxy, 

R23 is halogen, 1 -4C-alkyl or 1 •4C-alkoxy, 

R24 Is halogen, nitro, carboxyl, 1-4C-alkyl or 1-4C-alkO)y, 

R25 is halogen, 1 -4C-alkyl or 1 -4C-alkoxy, 

R26 is halogen, nitro, 1-4C*alkyl or 1-4C-alkoxy, 

R27 is halogen, 1 -4C-alkyl or 1 -4C-alkoxy, 

the salts of these compounds, as well as the N-oxIdes, enantiomers, E/Z isomers and tautomers of 
these compounds and their salts. 

i 

Compounds of the fomnula 1 to be in more particular emphasized are those in which 
R1 is 1*2C-alkoxy, 2,2-difluoro6thoxy, or completely or predominantly fluorine-substituted 
1-2C-alkoxy, 

R2 is 1-2C-alko3^, 2,2-difluoroetho;^, or completely or predominantly fluorine-substituted 

1-2C-alkoxy, 
R3 is hydrogen, 
R31 is hydrogen, 

either, in a first embodiment (embodiment a) according to the present invention, 

R4 is-0-R41,inwhich 

R41 is hydrogen or 1 -4C-alkyicarbonyl, and 
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R5 is hydrogen, 

or, in a second embodiment (embodiment b) according to the present invention, 

R4 is hydrogen, and 

R5 is-0-R51,inwhich 

R51 Is hydrogen or 1 ^Oailcyicarbonyl, 

R6 is hydrogen, 

R7 isaradicalofformuiae(d), (b), (c)or(d) 

-1" -r "T- 

NH2 ^Rio^ R15^ ^R14 R18 



in which 

if R7 is a radicai of the fonnula (b), 
either 

R8 is hydrogen, and 

R9 is hydrogen, 

RIO is hydrogen or 1-4C-aIl^i, 

R1 1 is hydrogen or 1-4C-aii(yl, 

where at least one of the radicais RIO or R1 1 is not hydrogen, 

or 

R8 is hydrogen, 
R9 is hydrogen, 

RIO and R11, together and including the nitrogen atom to which both are bonded, are a pynroli- 
din-1-yl, piperidin-1-yl, azepan-1-yi, azocan-1«yl, azonan-1-yl, morpholin-4-yl, tetrahy- 
droisoquinoiin-2-yl or 3,5-dimethyl-pyrazol-1-yl radical, or a piperazin-1-yl radicai substituted in 
4-positionby R19, 

or 

R8 is hydrogen, 
R9 is hydrogen, 

RIO is hydrogen or 1-4C-all<yi, and 

R11 is Aryll, naphthyl, phenyl or phenyl substituted by R20, 



in which 

if R7 is a radicai of the fonmula (c), 
either 

R12 is hydrogen or 1-4C-aIkyl, 
R13 is hydrogen or 1-4C-alkyl, 
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R14 is hydrogen or 1-4C-«lkyl, and 

R15 is hydrogen, 1-4C-aII(yl or 3-7C-<^oallcyl, 

wheie at least one of the radicals R12, R13. R14 and R15 is not hydrogen, 

or 

R12 is hydrogen or 1-4C-alkyl. 
R13 is hydrogen or 1-4C-alkyl. and 

R14 and R15, together and including the nitrogen atom to which both are bonded, are a pyrroli- 
din-1-yl, piperldin-1-yl, azepan-1-yl, azocan-1-yl, azonan-1-yl, morphonn-4-yl, 
tetrahydroisoquInolin-2-yl or 3,5-dimethyl-pyrazol-1-yl radical, or a piperazin-l-yl radical 
substituted in 4-position by R19, 

in which 

if R7 is a radical of the fonnula (d), 
R16 Is hydrogen, and 

R17 and R18, together and with inclusion of the N-C(-)-N stmcture to which they are bonded 
areAryl2, 

Aryll Is benzlmidazoI-2-yl, 5-nitrobenzimidazoi-2-yl, 5-chIorobenzimldazol-2-yl or 

5-methylbenzlmlda2X)l-2-yl, 
AiyE is imidazol-2-yl, 4-methyl-imidazol-2-yl, 4^thyl-benzlmidazol-2-yl, 4-acetyl-lnildazol-2-yl. 1H- 

[1.2,4]triazoI-3-yl. benzimldazoI-2-yl, 1-methyl-benzimidazol-2-yl, 1-ethyl-benzimida20l-2-yl, 

5,6-dlmethyl-benzlmidazol-2-yl. purin^yl. 1,6-dlmethyHmIdazol4,5-b]pyridln-2-ylor 1.5.6-trl- 

methyllniidazoI4,5-b]pyridin-2-yl, 
R19 is 1-4C-alkyi or 1-4C-alkyicarbonyl, 
R20 is halogen, nitro, 1-4C-allcyl or 1-4C-alkoxy, 

the salts of these compounds, as well as the N-oxIdes, enantiomers, E/Z isomers and tautomers of 
these compounds and their salts. 

Prefeaed compounds of the formula 1 are those in which 

R1 is 1-2C-alkoxy. 2,2-difluoroethoxy, or completely or predominantly fluorine-substituted 
1-2C-alko)cy, 

R2 is 1-2C-alkoxy, 2,2-difluoroethoxy, or completely or predominantly fluorine-substituted 

1-2C-aiko)cy, 
R3 is hydrogen, 
R31 is hydrogen, 

either, in a first embodiment (embodiment a) according to the present Invention, 

R4 is-0-R41,inwh!ch 

R41 Is hydrogen or 1 -4C-alkytearbonyi, and 

R5 is hydrogen, 

or. In a second embodiment (embodiment b) acconJing to the present invention, 
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R4 is hydrogen, and 

R5 is -0-R51Jn which 

f^l is hydrogen or 1-4C-alkylcarbonyl, 

R6 is hydrogen. 

R7 is a radical selected from 




the salts of these compounds, as well as the N-oxides, enantiomers. E/Z isomers and tautomers of 
these compounds and their salts. 

More preferred compounds of the formula 1 are those in which 

R1 is 1 -2C-«llcoxy, or completely or predominantly fluorine-substituted 1 -2C-alkoxy, 

R2 is 1-2C-alkoxy, or predominantly fluorine-substituted 1-2C-alkoxy, 

R3 is hydrogen. 
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R31 is hydrogen, 

R4 is -C>-R41Jn which 

R41 is hydrogen or 1 -4C-allcylcarbonyl. and 

R5 is hydrogen, 

R6 Is hydrogen, 

R7 is a radical of formula (c) 



R12 is hydrogen, 
R13 is hydrogen, 

R14 is hydrogen or 1-40alicyl, and 
R15 is 1-4C-allcyi or 3-7C-cyc!oall^, 

or 

R12 is hydrogen, 
R13 is hydrogen, and 

R14 and R15, together and including the nitrogen atom to which both are bonded, are a 
pynx)lldin-1-yl, piperidin-1-y!, azepan-1-yl, azocan-1-yl, azonan-1-yl or morpholln-4-yl, radical, 
or a plperazin-1-yl radical substituted in 4-position by R19, in which 
R19 is 1-4C-allcylcarbonyl, 

the salts of these compounds, as well as the N-oxides, enantiomers, E/Z isomers and tautomers of 
these compounds and their salts. 

Yet more preferred compounds of the formula 1 are those in which 



R1 


is meXhoxy. or ethoxy, 


R2 


is methoxy, elhoxy, 2.2-difluoroetlioxy. ordifluoromethoxy, 


R3 


is hydrogen, 


R31 


is hydrogen, 


R4 


is-0-R41.inwhich 


R41 


is hydrogen, and 


R5 


is hydrogen, 


R6 


is hydrogen, 


R7 


is bonded to the meta or para position with respect to the binding position in which the phenyi 




ring is bonded to the phenanthridine ring system, and is a radical of Ibnnuia (c) 



R12 



R15^ ^R14 




in which 



either 
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R15^ ^"^4 




(C) 



in which 



either 



R12 is hydrogen, 
R13 is hydrogen, 

R14 is 1-4C^llcyi, such as e.g. 1-2C-alkyl« and 
R1S is 1-4C-alM. such as e.g. 1-2C-alM. 

or 

R12 is hydrogen, 
R13 is hydrogen, 
R14 is hydrogen, and 

R15 is 3-5C-cycloall<yl, such as e.g. qrclopropyi, 

or 

R12 is hydrogen, 
R13 is hydrogen, and 

R14 and R16, together and including the nitrogen atom to which both are bonded, are a 
pynolldin-l-yi, piperidin-1-yl, azepan-1-yl, azocan-1-yl, azonan-1-yl or morpholin-4-yi radical, 
or a p!perazin-1-yi radical substituted in 4-position by R19, In which 
R19 is 1-4C-all^carbonyl, 

the salts of these compounds, as well as the N-oxides. enantiomers, E/Z isomers and tautomers of 
these compounds and their salts. 

In particular preferred compounds of the fbnnula 1 are those In which 



R1 


is methoxy. 


R2 


is methoxy. etlio}^. difluorometiio}^, or2,2-difluoroethoxy. 


R3 


is tiydrogen, 


R31 


is liydrogen, 


R4 


is-0-R41.inwhich 


R41 


is h^dxogen, and 


R5 


is Kydiogen, 


R6 


is hydrogen, 


R7 


is bonded to the meta or para position with respect to the binding position in which the phenyi 




ring is bonded to the phenanthridine ring system, and is a radical of fonnula (c) 
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in which 
either 

R12 is hydrogen, 
R13 is hydrogen, 
R14 is ethyl, and 
R15 is ethyl, 



or 



R12 is hydrogen, 
R13 is hydrogen, 
R14 is hydrogen, and 
RISiscydopropyl, 



or 



.19- 



R12 



R12 Is hydrogen, 
R13 is fQrdrogen, and 

R14 and R15. together and including the nitrogen atom to which both are bonded, are an 
azocan-1-yl radical, or a piperaan-1-y| radical substifuted in 4-posItibn by R19. in which 
R19 is acetyl, 

the salte of these compounds, as well as the N-oxides, enantiomers. EJZ isomers and tautomeis of 
these compounds and their saits. 



A special interest in the compounds according to this invention relates to those compounds which are 
included mirfthin the scope of this invention- by one or. when possible, by more of the tbllowing 
embodiments: 

A special embodiment of the compounds of the present invention include those compounds of fomiula 
1 1n which R1 and R2 are independently 1-2C-aikoxy. 2.2-dllIuorDethoxy, orcompleteryor 
predominantly fluorine-substituted 1-2C-all«»^. 

Another special embodiment of the compounds of the present Invention include those compounds of 
fbmwla 1 in which R1 and R2 are independently 1-2C-alkoxy. 2.2-difluoroethoxy. or completely or 
predominantly fluorine-substltuted 1-2C-all«oxy. and R3 and R31 are both hydrogen. 
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Another special embodiment of the compounds of the present invention include those compounds of 
fonnula 1 in which R1 and R2 are independently 1-2C-alkoxy, 2,2-difluoroethoxy, or completely or 
predominantly fluorine-substituted 1-20a!koxy. and R3, R31 and R6 are all hydrogen. 

Another special embodiment of the compounds of the present invention include those compounds of 
formula 1 1n which R1 and R2 are independently 1-2C-alkoxy, 2,2-difluoroethoxy, or completely or 
predominantly fluorine-substituted 1-2C-alkoxy, R3. R31 and R6 are hydrogen, and R7 is a radical of 
formula (c). 

Another special embodiment of the compounds of the present inventton include those compounds of 
fomnula i in which one of R1 and R2 is methoxy, and the other is metho)^, ethoxy, difluorometho)^ or 
2,2-difluoroethoxy, and 
R3 and R31 are both hydrogen. 

Another special embodiment of the compounds of the present invention include those compounds of 
formula I In which R1 is ethoxy or, particularly, methoxy, and R2 is methoxy, or, particularly, ethoxy, 
dlfluoromethoxy or 2,2-difluoroethoxy, and R3 and R31 are both hydrogen. 

Another special embodiment of the compounds of the present invention include those compounds of 
fonnula I In which R1 is methoxy, and R2 is 2,2-<lifluoroethoxy, and R3 and R31 are both hydrogen. 

Another special embodiment of the compounds of the present invention include those compounds of 
fonnula I in which R1 is methoxy, and R2 is ethoxy, and RS'and R31 are both hydrogen. 

Another special embodiment of the compounds of the present invention include those compounds of 
formula I in which R1 is methoxy, and R2 is difluoromethoxy, and R3 and R31 are both hydrogen. 

Another special embodiment of the compounds of the present invention include those compounds of 
fonnula I In which R6 is hydrogen. 

Another special embodiment of the compounds of the present invention include those compounds of 
fonmula I, in which R5 or, particularly, R4 is the radical (1-4C-alkylcarbonyl)-0- such as e.g. acetoxy, 
or hydroxyl, and all the other substituents are as defined in any compound of the present invention as 
defined above. 

Another special embodiment of the compounds of the present invention Include those compounds of 
the formula 1 in which R5 or, particulariy, R4 is hydroxyl. 

A prefarred embodiment according to the present invention is embodiment a. 
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A further prefeired embodirnent of the compounds of the present invention indude compounds 
according to embodiment a, in which R5 and R41 are both hydrogen, and In which R1 and R2 are 
independently 1-2C-allcoxy, 2,2-difluoroethoxy. or completely or predominantly fluorine-substituted 1- 
2C-allco)(y, and R3, R31 and R6 are ail hydrogen. 

A yet further preferred embodiment of the compounds of the present invention include compounds 
according to embodiment a, in which R6 is hydrogen, and In which R1 is methoxy, and R2 is ethoxy, 
difluorometho)^ or 2,2-difluoroetho}Qr, and R3. R31 and R6 are all hydrogen. 

A soil yet further preferred embodiment of the compounds of the present invention include compounds 
according to embodiment a, in which R5 and R41 are both hydrogen, and in which R1 is methoxy, and 
R2 is ethoxy, difluoromethoxy or 2,2-difiuoroethoxy, and R3, R31 and R6 are all hydrogen. 

Suitable compounds according to the present invention more worthy to be mentioned include those 
compounds of formula 1 , in which R5 or, particulariy, R4 is hydroxy!. 

Exemplary compounds according to the present invention may include those selected from 

1. N'-(H4-[(2RS,4aRS.10bRS)-9-(1,1-Difluoro-m6thoxy^2-hydroxy-8-metho^^ 

hexahydro-phenanthridin-6-yq-phenyQ-methanoyl)-N,N-diethyl-guanidine 

Z N-(1nAmino-1-azocan-1.ylHfnethylene)^[(2RS,4aRS,10bRS)-9-(1,lKlffluoro^^ 

hydrQxy-8-methoxy-1,2,3,4,4a,10b-hexahydro^)henanthridin-6-yl]-ben^ 

3. N-Cydopropyl-N'-(1-{4-K2RS,4aRS,10bRS^9-(1,1-difluoro-metho^^ 
1,2,3,4.4a,10b4iexahydro-phenanthridin-^yO-phenyrhmethanoyl)-guanidine 

4. N-[1-(4-Acetyl-pipera2un-1-yl)-1-amino-methylene]-4-((2RS.4a^ 
dimethoxy-1 ,2.3,4,4a.1 0b-hexahydro-phenanthridin-6-yl)-benzamide 

5. N,N-Diethyl-N41-[4-((2RS.4aRS.10bRS^24iydroxy-8,9Klimethoxy-1.2.3^^^^^ 
phenanthridin-6-yi)-phenyI]-methanoyl}-guanidineand 

a N-(1.Amino-1-azocan-1-y|.methyleneH-((2RS.4aRS,10bRS)-2-hydroxy^^^ 
1.2,3,4,4a,10b-hexahydro-phenanthridin-6-yl)-benzamlde, 

the saHs of these compounds, as well as the N-oxides, enantiomers, E/Z isomers and teutomers of 
these compounds and their salte. 

Preferably, the compounds according to the present invention which are listed In the Table A In the 
appended ''Biological Investigations'' as well as their salts, are to be mentioned as a particular 
interesting aspect of the present invention. 
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The compounds of formula 1 are chiral compounds having chlral centers at least in posib'ons 4a and 
10b and depending on the meanings of R3. R31, R4 and R5 additional chiral centers in posiGons 1, 2, 
3 and 4. 



Numbering 




R7 

The invention includes all conceivable stereoisomers in pure form as well as in any mixing ratio. 
Preference is given to compounds of Ibnnula 1 in which the hydrogen atoms in positions 4a and 10b 
are in the ds position relative to one another. The pure cis enantiomers and their mixtures in any 
mixing ratio and including the racemates are more prefaned in this context. 

Particularly pretend in this context are those compounds of fbnmula 1 , which have with respect to 
the positions 4a and 10b the configuration shown in fbmiula (r): 
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If, for example, in compounds of formula 1"" R3, R31 and R5 have the meaning hydrogen and R4 has 
the meaning -0R41 , then the configuration - according to the rules of Cahn, Ingold and Prelog - is R 
in the 4a position and R in the 10b position. 

Preferred compounds of the fomnuia 1 according to embodiment a are those which have, with respect 
to the positions 2, 4a and 10b, the same configuration as shown in the fomnulae la** and la*** and 
la****: 




R7 R7 R7 



If, for example in compounds of the fonmuia la** R3, R31 and R5 have the meaning hydrogen, then 
the configuration - according the mles of Cahn, Ingold and Prelog - is S In the position 2, R in the 
position 4a and R in the position 10b. 

If, for example in compounds of the formula la*** R3, R31 and R5 have the meaning hydrogen, then 
the configuration - according the rules of Cahn, Ingold and Prelog - is R in the position 2, S in the 
position 4a and S in the position 10b. 

If, for example in compounds of the formula la^* R3, R31 and R5 have the meaning hydrogen, then 
the configuration - according the rules of Cahn, Ingold and Prelog - is S in the position 2, S in the 
position 4a and S in the position 10b. 

In more particular preferred compounds of the formula 1 according to embodiment a are those which 
have, with respect to the positions 2, 4a and 10b, the same configuration as shown in the tbnnula 
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OR41 




If. for example hi compounds of the formula la***** R3. R31 and R5 have the meaning hydrogen, then 
the configuration - accoiding the niles of Cahn, IngoM and Prolog - Is R in the position 2, R In the 
position 4a and R in the position 10b. 

Preferred compounds of the fonnula 1 according to embodiment b are those which have, with respect 
to the positions 3. 4a and 10b, the same configuration as shown In the formulae lb** and lb*** and 
lb****: 




If, for example In compounds of the fonnula lb** R3, R31 and R4 have the meaning hydrogen, then 
the configuration - according the mies of Cahn. Ingold and Prolog - is R in the position 3, R in the 
position 4a and R in the position 10b. 

If, for example in compounds of the fonnula lb*** R3, R31 and R4 have the meaning hydrogen, then 
the configuration - according the rules of Cahn, Ingold and Prolog - Is S In the position 3, S In the 
position 4a and S in the position 10b. 

If, for example In compounds of the fomfiula 1b**** R3, R31 and R4 have the meaning hydrogen, then 
the configuiaflon - according the rites of Cahn, Ingold and Prolog - Is R In the position 3, S In the 
position 4a and S in the position 10b. 
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More preferred compounds of the formula 1 according to embodiment b are those which have, with 
respect to the positions 3. 4a and 10b. the same configuration as shown in the fomiula lb*****: 



If, for example In compounds of the formula lb***** R3, R31 and R4 have the meaning hydrogen, then 
the configuration - according the rules of Cahn, Ingold and Prelog - Is S In the position 3. R in the 
position 4a and R In the position 10b. 

Within the meaning of the embodiments a and b according to this invention, compounds of formula 
1a***»* are In particular to be emphasized. 

The enantlomers can be separated in a manner l^noWn per se (for example by preparation and separa- 
tion of appropriate diastereoisomeric compounds).Thus, e.g. an enantiomer separation can be carried 
out at the stage of the starting compounds having a finee amino group such as starting compounds of 
formulae 7 or 9b as defined below. 




..,0R51 



R31 



R1 



R2 




NH, (7) 



R31 



R5 



Separation of the enantlomers can be carried out, for example, by means of salt fonmation of the 
racemic compounds of the fonnulae 7 or 9b with optically active adds, preferably carboxyilc adds, 
subsequent resolution of the salts and release of the desired compound finom the salt Examples of 
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optically active carboxylic acids which may be mentioned in this connection are the enantiomeric 
fbrnis of mandelic acid, tartaric acid, 0,0'-dibenzoyItartaric acid, camphoric acid, qulnic add, glutamic 
acid, pyroglutamic acid, malic acid, camphorsulfonlc acid, 3-bromocamphorsulfonic acid, 
cKnethoxyphenylacetIc acid, a-methoxy-a-trifluoromethylphenylacetic acid and 2-phenyIproplonic 
add. AKematively, enantiomerically pure starting compounds of the formulae 7 or 9b can be prepared 
via asymmetric syntheses. Enantiomerically pure starting compounds as well as enantiomerically pure 
compounds of the fonnula 1 can be also obtained by chromatographic separation on chiral separating 
columns; by derivatization with chiral auxiliary reagents, subsequent diastereomer separation and 
removal of the chiral auxiliary group; or by (fractional) crystallization from a suitable solvent 

The compounds accortling to flie invention can be prepared, for example, as shown in flie reaction 
schemes below and according to the following spedfied reaction steps, or, parHculariy, In a manner 
as described by way of example In the fbllowing examples, or analogously or simllariy tiiereto using 
preparation procedures known to the person skilled In the art 

Reaction scheme 1 shows the preparation of compounds of formula 1. 
Starting witti tiie compounds of fbnmula 4, in which R1 , R2, R3, R31 , R4, R5 and R6 have the 
meanings mentioned above and C(O)0R stands for a suitable ester group such as an alkyi ester 
(preferably a mettiyl ester group), tiie compounds of fonnula 1, In which R1, R2, R3, R31, R4, R5, R6 
and R7 have the abovementloned meanings, can be obtained by different routes. On the one hand, 
flie compounds of fonnula 1 may be obtained from ttie compounds of formula 4 by direct reaction 
witti compounds of fomaula R7-H. In which R7 has the meanings given above. 

On ttie ottier hand the compounds of formula 4 can be first saponified to give the benzoic add 
derivatives of fonmula 3 

Compounds of fonnula 3, in which R1. R2, R3, R31 and R6 have the meanings mentioned above and 
R4 or R5 is hydroxyl, (obtainable, for example, from con^esponding compounds of formula 4. in which 
R4 or R5 is acyloxy, by the abovementioned saponification step affording, beside the free benzoic 
add group, the respective desacylated free hydroxyl group) should be protected by a suitable 
temporary protective group or, preferably, via a<ylation, such as e.g. via acetylaUon, reaction known 
per se to tite skilled person or as described in flie following examples, using e.g. tiie acid chlorides, 
before ftirttier reaction. 

Benzoic add derivatives of fonnula 3 can tiien be activated prior to the reaction with compounds of 
fonnula R7-H for example by fonning an add halide or acid anhydride, or by using coupling agents 
known to the person skilled In tiie art, such as, for example, N,N'-dicyclohexyIcart)Odilmide, N'-(3- 
dlmeUiylaminopropyl)-N-efliyIcarbodiimlde hydrochloride (EDCI) or 2-(1H-benzotriazoIe-1-yI)-1, 1.3.3- 
tetramethyluronlum hexafluorophosphate (HBTU) (compounds of fonnula 2). 
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As shown in reaction scheme 2, it is also possible to obtain compounds of fonmula 1 from compounds 
of fbnnuta 3 or from compounds of fonmula 2 by initially reacting the compounds of fomiula 3 under 
suitable coupling conditions (using appropriate coupling agents and additives) or, respectively, 
compounds of fomiula 2, in which Y is for example a chlorine atom, with suitably substituted S-allcyl- 
isothioureas and then, in a second step, replacing the S-all^l group by a suitably substituted amine. 

Similariy as stated above, the hydroxyl group in the position 2 or 3 of the compounds of formula 3 or 
2 should suitably be protected by an appropriate temporary or permanent protecting group, 
preferably, an acyl group (such as e.g. acetyl) prior to said reaction. 

Reaction scheme 2: 
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Similar reactions are described, for example in Arzneim.-Forsch. (Drug Res.) 25, No. 10, (1975), pp. 
1477-1482 or in the following examples. 

Optionally, compounds of fomnula 1 can be converted Into further compounds of the formula 1 by 
methods known to one of ordinary skill in the art. More specifically, for example, from compounds of 
the formula 1 in which 

a) R4 or R5 is hydro^l, the corresponding ester compounds can be obtained by esterifteation 

reactions; 

b) R4 or R5 is hydroxyl, the corresponding ether compounds can be obtained by etherification 

reactions; 

c) R4 or R5 is an acyloxy group, such as e.g. acetyl, the corresponding hydroxyl compounds can 
be obtained by deesterification, e.g. saponification, reactions; 

The methods mentioned under a), b) and c) are expediently carried out analogously to the methods 
known to the person skQIed in the art or as described by way of Bxample in the following examples. 

Optionally, compounds of the ftmnula 1 can be converted into their salts, or, optionally, salts of the 
compounds of the formula 1 can be converted into the free compounds. 

In addition, the compounds of the formula 1 can be convertedi optionally, into their N-oxides, for 
example with the aid of hydrogen peroxide in methanol or with the aid of m-chloroperoxybenzoic acid 
in dichloromethane. The person skilled in the art is familiar on the basis of his/her expert knowledge 
with the reaction conditions which are specifically necessary for canying out the N-oxidation. 

Compounds of formula 4 according to embodiment a can be prepared as described and shown in 
reaction scheme 3 below. 
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In the first reaction step of the synthesis route shown in scheme 3, compounds of the formula 8, in 
which R1, R2, R3. R31 , R41 and R5 have the meanings mentioned above In embodiment a and R41 
is other than hydrogen, are prepared from the corresponding compounds of the formula 9 by 
introduction of the group R41 . The Introduction reaction is carried out in a manner habitual per se or 
as described by way of example in the following examples. 

Reaction scheme 3: 




In the next reaction step of synthesis route, the nitro group of compounds of the fomnula 8, in which 
R1, R2. R3, R31, R41 and R5 have the meanings mentioned above In embodiment a and R41 Is other 
than hydroge^n, is reduced to the amino group of the corresponding compounds of thejormula 7. Said 
reduction is canied out in a manner known to the person skilled in the art, for example as described in 
J. Org. Chem. 1962, 27, 4426 or as described in the following examples. In more detail, the reduction 
can be carried out, for example, by catalytic hydrogenation, e.g. in the presence of Raney nickel or a 
noble metal catalyst such as palladium on active cari^on, in a suitable solvent such as methanol or 
ethanol at room temperature and under normal or elevated pressure. Optionally, a catalytic amount of 
an acid, such as, for example, hydrochloric add, can be added to the solvent Preferably, however, 
the reduction is canied out using a hydrogen-producing mbcture, Ibr ^mple, metals such as zinc, 
zinc-copper couple or iron with organic adds such as acetic acid or mineral adds such as hydrochloric 
acid. More preferably, the reduction is canied out using a zinG<X)pper couple in the presence of an 
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organic or an Inorganic add. Such a zinc-copper couple is accessible In a way known to the person of 
ordinary skill In the art 

Compounds of the formula 5. in which R1. R2. R3. R31 , R41 , R5 and R6 have the meanings indicated 
above in embodiment a. R41 is other than hydrogen and C(0)OR stands for a suitable ester group, 
preferably the methyl ester group, are accessible from the corresponding compounds of the fonnula 7, 
by reaction with con-esponding compounds of the fomiula 6. in which X represents a suitable leaving 
group, preferably a chlorine atom. 

Alternatively, compounds of the formula 5 can also be prepared firam the corresponding compounds of 
the fbnnula 7 and corresponding compounds of the fbnnula 6, In wWch X Is hydroxyl. by reaclkMi with 
amMe bond linking reagents known to the person sMUed In the art Exemplary amkle bond linking 
reagents known to the person skiUed In the art which may be mentioned are, for example, the carbodi- 
imides (e.g. dlcydohexylcarbodiimide or, preferably, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide 
hydrochloride), azodicarboxyiic acid derivatives (e.g. diethyl azodicartjoxylate), uronium salts [e.g. 

0- (benzotriazoI-1-yl)-N,N.N',N'-tetramethyIuronium tetrafluoroborate or 0-(benzotriazol-1yl)-N,N,N',N'- 
tetramthyl-uronium-hexafluorophosphatel and N.N'-carbonyldiimidazole. In the scope of this Invention 
prefen^d amide bond linking reagents are uronium salts and. particulariy. carbodHmldes, preferably, 

1- ethyl-3-(3-dimethylaminopropyl)carbodllmide hydrochloride. 

Compounds of the formula 6 are either known or can be prepared In a known manner. 

Compounds of the fbrmula 4. in which R1. R2. R3, R31. R41 , R5 and R6 have the meanings as given 
in embodiment a, R41 is other than hydrogen and C(0)OR stands for a suitable ester group, 
prelerably the methyl ester group, can be obtained by cydocondensatlon of corresponding compounds 
of thelbrmulaS. 

Said cydocondensatlon reaction is carried out in a manner known per se to the person sklUed In the 
art or as described by way of example in the following examples, according to BIschler-NapleralsW 
(e.g. as described In J. Chem. Soc. 1956, 4280-4282) in the presence of a suitable condensing agent, 
such as. for example, polyphosphoric add. phosphoms pentachtoride. phosphorus pentoxide or 
phosphoms oxychloride. In a suitable Inert solvent. e.g. In a chlorinated hydrocarbon such as 
cWoiofonn, or In a cydlc hydiocart)on such as toluene or xylene, or another inert solvent such as 
isopropyl acetete or acetonltrile, or without further solvent using an excess of condensing agent, at 
reduced temperatore, or at room temperature, or at elevated temperature or at the bofling temperature 
of the solvent or condensing agent used. 

Below reaction scheme 4 shows the synthesis of compounds of the fonnula 9, in which R1 , R2, R3, 
R31 and R5 have the meanings indicated above In embodiment a. from corresponding compounds of 
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the formula 10 via reducfion reaction of the carbonyl group. Suitable redudng agents for the 
abovementioned reduction reaction may Include, for example, metal hydride compounds such as, for 
example, diisopropylaluminium hydride, borane, sodium borohydride, sodium triacetoxyborohydride, 
sodium cyanoborohydride, zinc borohydride, potassium tri-sec-butylborohydride, sodium tri-sec- 
butylborohydride, lithium tri-sec-butylborohydride, pHSOpinocampheyl-9-boFabicyclo[3.3.1]nonane and 
the lil^e. The preferred examples of said reducing agents are sodium cyanoborohydride, p- 
isopinocampheyl-9-borabicycto[3.3.1]nonane and potassium tri-sec-butylborohydride. The most 
preferred examples of the abovementioned reducing agents are p-isopinocampheyl-9- 
borabicyclo[3.3.1]nonane and potassium tri-sec-butylborohydride, which both allow to prepare 
compounds of the formula 10 stereoseledively. ''Stereoselectivel/' in this connection means that 
those compounds of the formula 10, In which the hydrogen atoms In positions 1 and 3 are located at 
the opposite side of the plane defined by the cydohexane ring, are obtained preferentially. 

Reaction scheme 4: 




The compounds of the formula 10, in which R1 , R2, R3, R31 and R5 have the meanings mentioned in 
embodiment a, are eitiier known or can be obtained by the reaction of compounds of tiie fbnnula 12, 
in which R1 and R2 have the meanings mentioned above In embodiment a, witti compounds of tiie 
fbnnula 1 1 , In which R3, R31 and R5 have the meanings mentioned above in embodiment a. The 
(^oaddition reaction Is cam'ed out in a manner known to ttie person sidlled in tiie art according to 
Diels-Alder, e.g. as described in J. Amer. Chem. Soa 19S7, Zi> 6559 or in J. Org. Chem. 19S2. 17, 
581 or as described in tiie following examples. 

Compounds of tiie fonnulae 8 or 9, in which tiie phenyl ring and tiie nltro group are trans to one 
anotiier, can be converted in a manner known to the person skilled in the art into the con'esponding cis 
compounds, e.g. as described in J. Amer. Chem. Soc. 1957, TO, 6559 or as described in Uie following 
examples. 
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The compounds of the formulae 1 1 and 12 are either known or can be prepared in a known manner. 
The compounds of the formula 12 can be prepared, for example, in a manner known to the person 
skilled In the art from corresponding compounds of the formula 13 as described, for example, in J. 
Chem. Soc. 1951 , 2524 or in J. Org. Chem. 1944, £ 170 or as described in the following examples. 

The compounds of the formula 13, in which R1 and R2 have the meanings indicated above, are either 
known or can be prepared in a manner known to the person skilled in the art, as described, for 
example, in Ben Dtsch. Chem. Ges. 1925, ^ 203. 

Compounds of formula 4 according to embodiment b can be prepared as described and shown in 
reaction scheme S below. 

in the first reaction step In reaction scheme 5 tietow. the nitro group of compounds of the fomiula 10b. 
in which R1, R2, R3, R31 and R4 have the meanings indicated in embodiment b above, is reduced to 
obtain corresponding compounds of the formula 9b. Said reduction reaction is carried out in a manner 
known to the person skilled in the art, for example as described in J. Org. Chem. 1962, 27, 4426 or as 
described in the following examples. More specifically, the reduction can be canied out, for example, 
by contacting compounds of the fomiula 10b with a hydrogen-producing mixture such as, preferably, 
metallic zinc in a mildly acidic medium such as acetic acid in a lower alcohol such as methanol or 
ethanol at room temperature or at elevated temperature or, preferably, at the boiling temperature of 
the solvent mixture. Aitematively, the reducUon can be canied out by selective reduction of the nitro 
group in a manner known to the person skilled in the art, for example by hydrogen transfer reactton in 
the presence of a metal catalyst, for example palladium or preferably Raney nickel, in a suitable 
solvent, preferably a lower alcohol, using, for example ammonium formiate or preferably hydrazine 
hydrate as hydrogen donor. 

Compounds of the formula 9b obtained can be reacted, for example, as described by way of example 
in the following examples with compounds of the fonnula 6, in which R6 has the meanings given 
above, C(0)OR stands for a suitable ester group, preferably the methyl ester group, and X represents 
a suitable leaving group, preferably a chlorine atom, to give corresponding compounds of the fonnula 
8b. 

AHematively, compounds of the fomnula 8b, in which R1, R2, R3, R31 , R4 and R6 have the meanings 
given above in embodiment b and C(0)OR stands for said suitable ester group, can also be prepared, 
for example, from corresponding compounds of the fonnula 9b and conresponding compounds of the 
fomiula 6, in which X is hydroxyl, by reaction with amide bond linking reagents known to the person 
skilled in the art Exemplary amide bond linking reagents known to the person skilled in the art which 
may be mentioned are, for example, the carijodiimides (e.g. dicyclohexylcarbodiimide or, preferably, 
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride), azodicarboxylicacid derivatives (e.g. 
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diethyl azodicarboxylate), uronium salts [e.g. OKbenzotriazol-1-yl}-N,N,N\N'4etramethyluronium 
tetrafluoroborate or CKbenzotriazol-1yl)-N,N,N\NMetramthyl-uronium-hexafluorophosphate] and N.N'- 
carbonyldiimidazole. In the scope of this invention prefen-ed amide bond linking reagents are uronium 
salts and, particularly, carbodilmides, preferably, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide 
hydrochloride. 

Reaction scheme 5: 




In the next step compounds of the formula 8b can be converted into con^esponding compounds of the 
Ibnnula 7b by epoxidation reaction, whidi can be canied out as described in the following examples or 
In a manner known to one of ordinary skill In the art employing, for example, suitable epoxidation 
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methods or suitable epoxidation reagents such as, for example, peradds (e.g. m-chlonoperbenzoic 
add) or organic or inorganic peroxides (e. g. dimethyldioxirane, hydrogene peroxide or persulfiates). 

Compounds of the formula 7b obtained can be reduced by art-known methods to conresponding 
compounds of the fomiula 6b. More specifically, said reduction reaction can be performed employing, 
for example, as described by way of example in the following examples sodium borohydride as 
reductant Altematively, said reduction reaction can be also earned out using, for example, lithium 
aluminium hydride or a reductive mixture comprising noble metals, such as platinium dioxide or 
palladium, and a suitable hydrogen donor. With the aid of each of those said reduction methods, 
compounds of the formula 7b can be converted largely regio- and diastereoselectively into compounds 
of the formula 6b. wherein the hydroxyl radical in position 1 and the amido radical in position 3 are 
located at the same side of the plane defined by the cydohexane ring. 

It is moreover known to one of ordinary skill of the art, that the absolute configuration of a chiral 
carbon atom, preferably, to which a hydroxyl group and a hydrogen atom are bonded, can be inverted. 
Thus the configuration of the carbon atom in position 1 of compounds of the formula 6b can be 
optionally inverted. Said inversion of configuration of position 1 of compounds of the formula 6b can 
be achieved in a manner familiar to the person skilled in the art, for example by derivatization of 
position 1 with a suitable leaving group and subsequent replacement of said leaving group by a 
suitable nudeophile in a nucleophilic substitution reaction according to SN2 mechanism. Altematively, 
said inversion of configuration of position 1 of compounds of the formula 6b can be also obtained, for 
example, as described by way of example in the following examples according to subsequently 
spedfied two step procedure shown In reaction scheme 6 below. In more detail, in the first step of said 
procedure shown in reaction scheme 6, exemplary compounds of the formula 6b% in which R1, R2, R6 
have the meanings indicated above, C(0)OR stands for said suitable ester group (preferably the 
methyl ester group) and R3, R31, R4 are hydrogen and position 1 has the R configuration, are 
converted by oxidation reaction into corresponding compounds of the formula 11b. Said oxidation is 
likewise carried out under conditions customary per se using, for example, chloranil, atmospheric 
oxygen, manganese dioxide or, preferably, chromium oxides as an oxidant Then In the second step, 
compounds of the formula lib obtained are converted by art-known reduction reaction of the keto 
group, preferably with metal hydride compounds or, more spedficaliy, metal borohydrides, such as, for 
^mple, sodium borohydride, into corresponding compounds of formula 6b**, in which position 1 has 
now S configuration and thus the configuration of the carbon atom in position 1 1s now inverted 
regarding to said oompounds of tiie formula 6b*. 

Reaction scheme 6: 
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In the next reaction step of the synthesis route shown in reaction scheme 5 shown above, compounds 
of the formula 6b are converted into conresponding compounds of the formula 5b by introducbon of the 
group R51, in which R51 is other than hydrogen. The introduction reaction is cammed out in a manner 
habitual per se (e.g. via aikylation or acytation reaction) or as described by way of example In the 
following examples. 

The (^dlzation reaction leading to compounds of the Ibnnula 4 can be carried out, for example, as 
described by way of example in the following examples or analogously or similarly thereto, or as 
mentioned above for compounds according to embodiment a. 

Compounds of the fonmula 10b, in which R1, R2, R3, R31 and R4 have the abovementioned 
meanings, are either known or can be obtained, for example as shown in reaction scheme 7, by the 
reaction of compounds of the fonmula 12, in which R1 and R2 have the abovementioned meanings, 
with compounds of the fomnula 12b, in which R3, R31 and R4 have the meanings indicated above. 

Reaction scheme 7: 




R3-CH=C(R4)-CH=CH.R31 (12b) 

R4 
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The cydoaddition is in this case carried out in a manner Icnown to the person skilled in the art 
acoording to Diels-Alder, e.g. as described in J. Amer. Chem. Soa 1957, 79^ 6559 or In J. Org. Chem. 
1952, 17, 581 eras described in the following examples. 

Compounds of the fomiula 10b, in which the phenyl ring and the nltro group are trans to one another, 
can be converted such as known to the person skilled in the art into the corresponding cis compounds, 
e.g. as described in J. Amer. Chem. Soc. 1957, 7^ 6559 or as described in the following examples. 

The compounds of the fbnnula 12b are either known or can be prepared in a known manner. 

In an aitemative, compounds of the formula 5b, in which R1, R2, R3, R31, R4, R51 and R6 have the 
meanings given above In embodiment b whereby R51 is other than hydiogen and C(OPR stands for 
sakl suitable ester group, preferably the methyl ester group, (particulariy compounds of formula Sb, In 
which R1, R2, R51 and R6 have the meanings gh^en above in embodiment b whereby R51 is other 
than hydrogen, and R3, R31 and R4 are all hydrogen) can also be obtained as shown in reaction 
scheme 8 and as described by way of example in the following examples. 

In the first reaction step of the route outlined in reaction scheme 8, the amino group of compounds of 
the formula 9b is protected with an art-known protective group PG1, such as e.g. the tert- 
butoxycari^onyl group. The proteced compounds are subjected to hydroboration reaction to obtain over 
two steps compounds of fbnnula 14b. Said hydroboration reaction Is carried out as described in the 
following examples using an appropriate (hydro)borating agent, such as e.g. 9-BBN, 
isopinocampheyiborane or the like, or, particulariy, borane-tetrahydrofuran (HaB-THF), advantageously 
at ambient temperature. The compounds obtained are then converted into compounds of the fbmiula 
14b by introduction of the group R51 whereby R51 is other than hydrogen in a manner analogously as 
described above. 

In the next reaction step of the synthesis route shown in reaction scheme 8, compounds of fonmuta 
14b are converted into corresponding compounds of the formula 5b according to embodiment b by 
deprotection of the protective group P61 and amidification with compounds of the formula 6. Sakf 
reacttons are canied out in a manner habitual per se or as described In the specification of this 
invention or in the following examples. 

If necessary, the product obtained via said hydroboration reaction or, suitably, the R51 -substituted 
derivative thereof is purified from resulting stereo- and/or regioisomeric side products by methods 
known to the person skilled In the art, such as e.g. by chromatographic separation techniques. 

Reaction scheme 8: 
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C{0)OR 



It is also known to the person skilled In the art that, if a plurality of reacfive centers are present in a 
starting material or intermediate, it may be necessary to temporarily block one or more reactive 
centers wHh protective groups so fliat a reaction takes place only at the desired reactive center. A 
detailed description of how to use a large number of proven protective groups can be found, for 
example, in T.W. GreertS^f Protective Groups In Organic Synthesis, John Wiley & Sons. 1991 or f999 
(3"* edition), or in "Protecting Groups (Thieme Foundattons Organic Chemistry Series N Groups by P. 
Kodenski (Thieme l\«edlcal Publishers, 2000). 

The substances according to the invention are isolated and purified in a manner known per se, for 
example by distilling off the solvent under reduced pressure and recrystallizing the residue obtained 
from a suitable solvent or subjecting it to one of the customary purification methods, such as, for 
example, column chromatography on a suitable support material. 

Salts are obtained by dissolving the free compound in a suitable solvent (e.g. a ketone, such as 
acetone, methyl ethyl ketone or methyl Isobutyl ketone, an ether, such as diethyl ether, 
tetrahydrofuran or dloxane, a chlorinated hydrocarbon, sudi as methylene chloride or chlorofbmi, or a 
low-molecular-weight aliphatic alcohol, such as ethanol or isopropanol) which contains the desired add 
or base, or to which the desired acid or base is then added. The salts are obtained by filtering, 
repreclpKating, predpttattng with a nonsolvent for the addition salt or by evaporating the soh^ent Salts 
obtained can be converted into the free compounds, which can in tum be converted into salts, by 
alkalization or by addification. In this manner, phamtacologically unacceptable salts can be converted 
into phannacologically acceptable salts. 



wo 2005/077906 



PCT/EP2005/050708 



-38- 



Suitably, the conversions mentioned in this Invention can be carried out analogously or slmilarty to 
methods which are familiar per se to the person skilled in the ait 

The person skilled in the art knows on the basis of his/her knowledge and on the basis of those 
synthesis routes, which are shown and described within the description of this invention, how to find 
other possible synthesis routes for compounds of the formula 1 • All these other possible synthesis 
routes are also part of this invention. 

Having described the invention in detail, the scope of the present invention is not limited only to those 
described characteristics or embodiments. As will be apparent to persons skilled in the art, 
modifications, analogies, variations, derivations, homologlsations and adaptations to the described 
invention can be made on the base of art-known knowledge and/or, particulariy, on the base of the 
disclosure (e.g. the expllcite, implicite or inherent disclosure) of the present invention without 
departing from the spirit and scope of this invention as defined by the scope of the appended claims 

The ftrftowing examples serve to illustrate the invention further without restricting it. Likewise, further 
compounds of the formula 1, whose preparation is not explicitly described, can be prepared in an 
analogous manner or in a manner familiar per se to the person skilled in the art using customary 
process techniques. 

The compounds which are mentioned in the following examples as end products as well as their salts 
are a preferred subject of the present invention. 

In the examples, m.p. stands for melting point, h for hour(s). min for minutes. Rf for rentention factor In 
thin layer chromatography, s.p. for sintering point, EF for empirical formula, MW for molecular weight, 
MS for mass spectrum, M for molecular Ion, other abbreviations have their meanings customary per 
se to the skilled person. According to common practice in stereochemistry, the symbols RS and SR 
are used to denote the specific configuration of each of the chlral centers of a racemate. In more 
detail, for example, the term "(2RS,4aRS,10bRS)'' stands for a racemate (racemic mixture) comprising 
the one enantiomer having the configuration (2R,4aR,10bR) and the other enantiomer having the 
configuration (2S,4aS,10bS). 
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Examples 
End products 

1. N'-(1-{4-I(2RS,4aRS,10bRS)-9-(1,1-DifIuoro-methoxy)-2-hydroxy.8-meth«xy- 
1,2,3A4a,10b-heirahydro-phenanthridin-6-yl]-phenyO-inefhanoyl)-N,N-dIethyl-guanldlne 

The title compound is obtained in an analogous manner as described for compound 4 using the 
appropriate starting compound mentioned below as compound 7 to 12. 
EF: C27H32F2N404. MW: 514.58. MS: found: 515.1 (MH*) 

2. N-(1nAinino-1^azocan-1-yt-methylene)-4-[(2RS,4aRS,10bRS)-9-(1,1 KJifIuor(Hiiethoxy)-2- 
hydroxy-84nethoxy-1,2^^,10b-hexafiydro-phenanthridrn-6-yq-ben^ 

The fitle compound is obtained In an analogous manner e» described for compound 4 using the 
appropriate starting compound mentioned below as compound 7 to 12. 
EF: C3oH36F2N404, MW: 654.64, MS: found: 655.3 (MH*) 

3. N-Cyclopropyl-N'-(1-{4-[(2RS,4aRS,10bRS)-9-<1,1-difluoro-methoxy)-2-hydroiv-8- 
methoxy-1,2,3,4,4a,10b-hexahydro-phenanthridln-6-yl]-phenyl}-methanoyl)-guanldine 

The title compound is obtained In an analogous manner as described for compound 4 using the 
appropriate starting compound mentioned below as compound 7 to 12. 
EF: C26H28F2N4O4. MW: 498.53, MS: found: 499J2 (MH*) 

4. NH[1-(4rAcetyl>plperazln-1-yi)-1-amlno-mefhyiene]-4-((2RS,4aRS,10bRS)-2-hydro]^-8,9- 
dImethO]v-1,2^^^,10b-h«eahydr»i)henanthridln-6-yl)-benzamide 

484 mg of aoetie add (2RS,4aRS,10bRS)-6.(4-ai-{4-aoelyl-p|pera2ln-1-yl)-1-amln<Hnethylene]- 
caibamoylJ-phenyl)-8.9Kllmethoxy-1.2,3,4,4a,10b-hexahydro-phenanthridin-2-yl ester (compound 10) 
and 137 mg of cesium carbonate are stirred In 10 ml of methanol for 16 h at room temperature. The 
solvent is removed &nd the solid residue purified by chromatography on slltea gel to yield 235 mg of 
the title compound. < , 
EF: C29H35N6O6, MW: 533.63. MS: found: 534.2 (MH*) 

5. N,N-Dlethyl-NH1-[4-((2RS,4aRS,10bRS)-2-hydroxy-8,9-dlmefhoxy-1,2,3,4^10b- 
hexahydro-phenanthridin-6-yl)-pheny|]-methanoyl}-guan!dine 

The tiUe compound is obtained in an analogous manner as described for compound 4 using the 
appropriate starting compound mentioned below as compound 7 to 12. 
EF: C2rH34N404, MW: 478.6. MS: found 479.1 (MH*) 



6. N-(1nAmlno-1 -azocan-1<yl-methylene)-4-((2I^^RS,10b[^)-2-hydroiv-8.9-dIm6th(»^- 
1A3^«4a,10b-hacaliydro^henanfhridin-6-yl)-benzamide 
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The taie compound is obtained in an analogous manner as desciibed ibr compound 4 using the 
appropriate starting compound mentioned below as compound 7 to 12. 
EF: C3oH38N404, MW: 518.66, MS: found: 519.2 (MH*) 

The compounds 7 to 9, 11 and 12 are obtained in an analogous manner as described for compound 
10 ining the appropriate compound A1 or A2 and the appropriate art-known amine compounds. 

7. Acetic add (2RS,4aRS,10bRS)-6.{4-[1-(N',N'^tethyl^uanIdlno)-roethanoyll-phenyl)-9. 
(1,1-difluoro-methox]^-8-ffletli<»qr-1.2,3,4a,10b-hexahydro-phenanfhridln-2-yl ester 

& Acetic add (2RS,4aRS,10bRS)-6-{44(1-amlno-1-azocan-1-yl-me1liylene)-carbamoyq- 
phenyQ4-<1,1-dmuoro-mefhoxy)-8-iiiethoxy-1AMi4a,10b-hexahy^ 

9. Acetic add (2RS,4aRS,10bRS)-6-{441-(N'-<vclopropyl-guanldino)-methanoyq-phenyl}-9- 
(1,1<imuoro4netboxy}-8Hnethaxy-1,2,3/(/la,10b-hexahydro-phenantfiridln-2-yleste 

10. Acetic add (2RS,4aRS,10bRS)^-(4-{[1K4^cetyl-pipera2ln-1-yl)-1-amlno-methylene]- 
carfoamoyl}-phenyl)-8,9-dimethoxy-1,2,3^,4a,10b-hexahydro-phenanthridln-2-yl ester 
743.4 mg of acetic add (2RS.4aRS,10bRS)-8,9-dimethoxy-€-{4-I1-(2-methyi-lsothioureido)- 
methanoyl]-phenyl}-1,2,3,4,4a,10b-he;«hydroiJhenanthridin-2-yl ester (compound A1), 384.5 mg of 
1-acetylpiperzIne and 0.416 ml of triethylamine are st" rred in 10 ml of 1,4-dioxane at OO'C lor 5 days. 
After 2 days another 384.5 mg of 1-aceWperazlne are added to the reactibn mixtur^^JFhe solvent is 
removed and the residue ttwee times coevaporated with didiloromethane, than one time with toluene. 
After redissolving In 25 ml of dichioromethane the solution is extracied with water and aqueous 
saturated KHCO3 sdution successively and the aqueous KHCOs phase reextracted with 
dichioromethane. After drying the combined oiiganic layers with sodium sulfate the solvent Is removed 
and the residue purified by chnxnatography on silica to yield 530 mg of the title compound. 

11. Acetic acid (2RS,4aRS,10bRS).6.{4«(1.(N',N'.dietiiyl-guanldlno)-metiianoyll-phenyl}-8^- 
d{metftoxy-1,2,3A4a,10b-hexahydro-phenanthridin-2-yl ester 

12. Acetic acid (2RS,4aRS,10bRS)-6-{4-[(1-amino-1-azocan-1-yl-methy(ene)-carbamoyq- 
phenyl}-8,9-dimetiioxy-1,2,3,4,4a,10b-hexahydro-phenanttiridin-2-yi ester 
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Staiting Compounds 

A1. Acetic acid (2RS.4aRS.10bRSV8.9^lmethoxy-6.{4-[1.(2-inethyI-lsothloureldo)-melhanoylJ. 
phenyl}-1,2,3«4,4a,10b-hexahydro-phenanthridIn-2-yl ester 

3.051 gof4-((2RS.4aRS.10bRS)-2-acetoxy-8,9-dimethoxy-1.2.3.4,4aJ0b4iexaM"^^ 
yl)-benzoic add (compound B1). 3.00 g of S-methyllsothfourea^ulfat© and 10 mg of 4- 
dimethylaminopyridine are dissolved in 50 ml of acteonitril, than 1.80 g of 1-ethyl-3-{3- 
dimethylaminopropyl)carbodiimld© hydrochloride and 1,23 ml of N-ethyl-diisopropylamin are added. 
After sfining for 16 hours the solvent is removed. The residue is dissolved in 20 ml of water and 
extracted wHh dichloromelhane. After drying the combined organic layers with magnesium sulfate the 
solvent is removed to yield 3.652 g of the title compound as a yellow foam which is direcUy submitted 
to further reaction without purificatibn. 

A2. Acetic acid (2RS^RS,10bRS)4.(1,1.dlfluoro-methoxy)-8-methoxy-6-(4-[1-(2-niethyl- 

lsofhloureIdo)<iieilianoyai>henyO-1A3^^,10b4iexahydroi>henanthrldln-2-yl ester 

The title compound Is prepared analogously as described In Example A1 starting ftom compound B2. 

B1. 4-((2RS,4aRS,10bRS)-2-Acetoxy^,9Kllmethoxyw1,2,3A4a,10b-hexahydrei>henarrthridln^^ 
yl)-benzolc acid hydrochloride 

8.1 g of (2RS,4aRS,10bRS)-6-(4-carboxyphenyl)-8,9-dlmethQxy-(1,2,3,4,4a.10b)-hexahydro- 
phenanthridIn-2-ol (compound CI) are suspended In 35 ml of dichloromethane and 40 ml of acetyl 
chloride are added dropwise. After stining for 1 h at room tempetature, the mixture is concentrated 
and the residue is dissolved In aqueous 1 M disodium hydrogenphosphate solution at pH 6-7. Under 
sBnrlng concentrated hydrochloric add Is added, the resulting predpitate is filtered off and dried in 
vacuo to give 4.65 g of the title com|90imd as bdge hydn)chloride salt 
The fiee add is obtained by dissolving the hydrochloride salt In water at pH 6-7, removal of the 
solvent in vacuo. leaching the resulting yellowish residue with boiling chloroform and concentration of 
the obtained chloroform solution. 
EF: C24H25NO6; IVIW: 423.47 
IVIS: 424.3 (MH*) 

B2. 4-((2RS,4aRS,10bRS)-2-Acetoxy-9.(1,1.dIfluoro.methoxy)-8-methoxy-1,2,3*4^,10b- 
hexahydro-phenanthrldin-6-yl)-benzolcacid 

The tnie compound is obtained In two steps starting from compound C2 by saponification analogously 

as described In Example CI followed by acetylation of obtained intennedlate (2RS.4aRS,10bRS)-6-(4- 

cart)oxyphenylV9-(1,lKllfluoro-methoxyH-methoxy-(1.2.3.4,4a.10b)-h^^ 

analogously as described In Example B1. 

EF: CatHzaFzNOe: MW: 459.45 

MS: 460.3 (MH*) 
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CI. (2RS,4aRS,10bRS)-6-(4-caitaoxyphenyI)-8,9-dimethoxy-(1,2,3,4^,10b)-hexahydra- 
phenanthrid!n-2-ol 

A solution of 290 mg of acetic add (2RS.4aRS.10bRS)-6-(4-metiioxycart)onylphenyl)-8,9-dimfetlioxy- 
(1,2,3,4,4a,10b)-hexaiiydroplienantliridin-2-yl ester (compound D1) in 10 ml of isopropanoi is treated 
dropwise with aqueous litiiium liydroxide solution to adjust to pH 1 0. Stining is continued for 72 li, the 
reaction mixture Is neutralteed with phosphate buffer solution and extracted with dichtoramethane. 
The aqueous layer is concentrated and the residue is leached with a boiling mbdure of ethyl acetate 
and methanol. The oiiganic solvents are removed to obtain 90 mg of the tide compound as a 
yellowish foam. 
EF: C22H23NO6; MW: 381.43 
MS: 382.4 (l\4H*) 
M.pj 172-183'C 

Alternative procedure: 

A solution of 5.68 g of acetic acid (2RS,4aRS,10bRS)-6-(4-metho)QrcarbonylphenylH,9-dimethoxy- 
(1 .2,3.4.4a,10b)-hexahydrophenanthridin-2-yI ester (compound D1 ) In 250 ml of methanol is treated at 
boiling temperature with a solufion of 2.0 g of sodium hydroxide in 15 ml of water comprising a 
oatalytio amount of hydrogen peroxide (30% strength). Stining is continued for 1.6 h under reflux, the 
reaction mixture Is cooled and treated with halfconcentrated aqueous hydrochloric add to adjust to pH 
6-7. The solvents are evaporated and the residue is dried in vacuo to obtain 8.1 g of a yeOowish solid, 
which can be used v^hout turtl^i; purification In flie next step. The free add Is obtained leachii^ 
the residue with boiling chloroform and concentration of the resulting chlorofomi solution. 

C2. 4-[(2RS,4aRS,10bRS)-2-AcetO]Qr<9-(1.1-difluoro-methoxy)-8-meth<»qr-1.2,3A4a,10b- 
hexahydro^henanthrldln-e-yQ-benzoicacid methyl ester 

500 mg of N-{(1RS,2RS,4RS)-4-acetoxy-2-I3-(1.1-difluoro-metfioxy)-4-methoxy-phenyl]-cydohexyl}- 
terephthalamic add methyl ester (compound D2) are dissolved in 2 ml of phosphorus oxycWoride and 
heated for 4.5 h at 100 'C. After ^ling to room temperature tiie sample is diluted wiUi 10 ml of 
dchloromethane and added dropwise to an aqueous sodium hydroxide solution. The water layer Is 
extracted twice with dichloromethane. The solvent Is removed and the crude product puriiied by 
chromatography on silica gel to give 310 mg of tiie titie compound as a coiouriess foam. 
EF: C25H2SF2NO6: MW: 473.48 
MS: 474.2 (MH*) 

D1. Acetic acid (2R8,4aRS,10bRS)-6-(4-methoi(ycarbony|phenyl)-8,9-dlmethoxy' 
(1,2,3.4t4a.10b)-h^hydrophenanthridln'2<yl ester 

10.8 g of phosphorus pentachloride are suspended in 170 ml of Isopropyl acetate, 8.1 g of acetic add 
(1RS.3RS,4RS)-4-{[1-(4-metho)vcarbonylphenyl)metiianoyl]amlno}-3-(3,4- 
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dimethoxyphenyl}(^cloh^l ester (compound El) dissolved 100 ml are added and the mixture Is 
stirred. When reaction is complete, a mixture of 100 ml of triethylamlne and 100 ml of isopropyl 
acetate is added dropwise at O'^C. After diluting with 80 ml water at O^'C and phase separation, the 
aqueous phase is extracted three times with each 60 ml of dichloromethane. The organic phases are 
dried using magnesium suifote. After concentrating, the residue Is recrystallized from ethyl 
acetate/c^dohexane to give 5.68 g of the title compound. 
EF: C25H27NOQ; MW: 437.50 
MS: 438.3 (IWH*) 

Rf= 0.62 (petroleum ether/ethyl acetate/triethylamine = 6/3/1) 
M.p.: 184-185X 

D2. N^(1RS^RS,4RS)<4-AcefDi(y-2-[3-(1,lHlifluoro-inethoxy}-4-^ 
terephthalamic acfd methyl ester 

The title compound Is prepared analogously as described In Example El starting firom compound E2. 
EF: C25H27F2NO7; IWIW: 491.49 
l\4S: 492.0 (IMH^ 

El. Acetic acid (1RS,3RS,4RS)-4-{[1-(4-methoxycarbonylphenyl)methanoyl]amino}-3*<3,4- 
dimethoxyphenyl)cyclohexyl ester 

1.6 g of acetic acid (1RS,3RS,4RS)-4.amino-3-(3.4-dimethoxyphenyl)cyclohexyl ester (compound F1) 
are dissolved in 30 ml of dichloromethane. 982 mg (5.45 mmoi) of terephthalic acid monomethyl ester 
an^1.2S g (6.74 mmoi) of N-ethyl-N -(3-dimethylaminopropyl)carbodiimide |^)$drochIoride are added 
successively under stirring. After 3 h further 18 mg (0.1 mmoi) of terephthalic acid monomethyl ester 
are added. After 15 h the reaction is treated with aqueous hydrochloric acid and extracted several 
times with dichloromethane. After evaporation of the combined organic phases, the crude product is 
crystallized from ethyl acetate/i^dohexane to give 1.87 g (73 % of theory) of the title compound as 
colouriess solid. 
EF: C25H29NO7; MW: 455.51 
l\4S:.4562 (MH*) 

Rf = 0.69 (ethyl acetate/triethylamine = 9/1) 

Starting from the appropriate compound F1 or E2 to E7, and the appropriate benzoic acid derivative 
further compounds according to this invention can be obtained according to the procedure as in 
Example El or analogously or similarty thereto. 

E2. Acetic add (1RS,3RS,4RS)-4-^lno-3*{3-(1,1<imuoroHneth03Qf)-4-metho)gf-p 
cyclohexyl ester 

The title compound is prepared analogously as described in Example F1 starting from compound F2. 
EF: C16H21F2NO4; MW, 329.35 
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MS: 330.0 (MH*) 

E3. Acetic acid (1 RS,3RS,4RS)-4<im!no-3-(3-«thoxy-4-meth03qr-pheny l)-cycIohexy I ester 
Starting from compound F3 mentioned below, the title compound is obtained analogously to the 
procedure as in Example F1. 
EF: C17H26NO4; MW: 307.39 
MS: 308.0 (MH^ 

E3a. Acetic acid (1 R,3R^R)-4-amino-3K3^tho3Qf •4Hnethoxy-pheny l)-^clo^ ester 
24.0 g (55.0 mmol) of the pyrogtutamate of the tifle compound (compound E3b) are suspended in 150 
ml of water, 100 ml of dichloromethane are added, then saturated KHCQa-solution until the gas 
evolution ceased. After phase separation, reextraction of the water layer and drying the combined 
organic layers with sodium sulfate the solvent is removed to give 16.9 g of the salt-fiee title 
compound. 

Analytical Column Chromatography (CHIRALPAK AD-H 250 x 4.6 mm 5 p NoADH0CE-DB030, 
Eluent n-Hexan/iPrOH = 80)20 (v/v) + 0.1 % Diethylamine): Retention Time: 6.54 mln 

E3b. Acetic acid (1R|3R^R)-4-amIno-3-(3-etho}Qf*4-m6thoxy*phenyl)-cyclohe}q^ ester, salt 
with L-pyroglutamlcacId 

Solution A: 55.2 g (180 mmol) of racemic acetic acid (1RS,3RS,4RS>4-amino-3-(3-etho)v-4-methoxy- 
phenyl)-cyclohexyl ester (compound E3) are dissolved in 540 ml of isopropyl acetate. 
Solution B: 18.6 g (144 mmol) of L-pyroglutamIc add are (Jj^lved in 260 ml of isopropanol under 
heating, then 290 ml of isopropyl acetate is added carefully. 

Solution B is added to solution A and left for 48 hours. The solid is filtered off and washed with a little 
Isopropyl acetate to give after drying 32.48 g colorless crystals with a ratio of the enantiomers of 97:3 
in favour of the title compound. 
M.p.: 165-167" C 

E4. Acetic acid (1RS,3RS,4RS)<4<imino-3-[4-(1,1<lifluoro-methoxy)-3-methoxy-phenyQ'* 
qrclohesgfl ester 

Starting from compound F4 mentioned below, the title compound is obtained according to the 
procedure as in Example F1. 
EF: Ci6H2tF2N04; MW: 329.35 
MS:330,0(MH*) 

E5. Acetic acid (1RS,3RS,4RS)*4-amIno-3-{3*^2;iKilfluoro-etho3^)<4-nnetho3v^^ 
cyclohexyl ester 

Starting from compound F5 mentioned below, the title compound is obtained according to the 
procedure as in Example F1 . 
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ESa. Acetic acfd (1R,3R^)-4^mIno-343H2,2-dmuoro^thoxy)w»Mnetho)iy-phenyn-pycIohexyl 
ester 

The title compound is obtained from its pyroglutamate salt (compound E5b) analogously as described 
for compound E3a using sodium Mrogencarbonate solution. 

E5b. Acetic acid (1R,3MR)-4^Ino-3.[3-(2^KlIfluoro^thoxy)-4-methoxyiJhenya-<yclohejcyl 
ester, salt with L-pyroglutamic acid 

343 mg (1.00 mmol) of acetic add (1RS,3RS,4RS)-4-amino-3-I3-(2.2-difluoro-elhoxyKmethoxy- 
phenyI]-{yclohe>yl ester (compound E5) are dissolved in 3 ml of Isopropanol. A solution of 103 mg 
(0.80 mmol) of L-pyrogluiamic add in 2 ml of Isopropanol is added. After filtering and diying 162 mg 
of the pyroglutamate are isolated with an enanttomeric latto of 97 : 3 In tiavou^ 

E6. Acetic acid (1SR,3RS,4RS)-3-amino-4-(3-ethoxy-4-fflethoxy-phenyl)-cyclohe]q/l ester 
3.0 g (7.36 mmol) of acetic add (1SR,3RS.4RS)-34ert-butoxycarbonylamlno-4-(3-ethoxyw^methoxy- 
phenyl)-cydohexyl ester (compound F6) are dissolved in 6 ml of 4 M HCI In dioxane and stln^ for 30 
min. After removal of the solvent the residue is dissolved in dichloromethane and 25 ml of sat. 
NaHCOs solution are added carefully. After phase separation, reextraction of the water layer and 
drying of the combined organic layers (Na2S04) the solvent is removed to give 2.26 g of the title 
compound. 

EF; C17 H25 N 04; MW; 307.39 
MS: 308.1 (MH^ 

E7. Acetic acid (1SR,3RS,4RS)-3^lno^3,4<iimethoxy-phenyl)-^clohe3^ ester 

The title compound can be obtained from compound F7 analogously as described for compound E6. 

F1. Acetic acid (1RS,3RS,4RS)-4-amlno-3-(3,4-dimetfiO]^henyl)(^cloh6xyi ester 
A solution of 10.37 g of acetic add (1RS,3RS.4RS)-3-(3.4-dlmethoxyphenyl)-4-nitrocydohexyl ester 
(compound G1 ) in 240 ml of ethanol is added to a zinoKxipper couple, prepared from 16.8 g of zinc 
powder and 920 mg of copper (II) acetate monohydrate in acetic acid, the resulting suspension Is 
refluxed and treated with 26 ml of acetic add, 3.2 ml of water and 26 mi of ethanol. The resulting 
mixture is refluxed for further 15 min. The precipitate is filtered off with suction and the solvent is 
removed. Chromatographical purification on silica gel using a mixture of petroleum ether/ethyl 
acetateAtriethylamine in the ratio 2/7/1 and concentration of the comesponding eluate fractions afford 
5.13 g (55 % of theory) of the tiUe compound as a pale brawn oil. 
Rr= 0.35 ipeltmleum ether/ethyl acetate/trietl^amine - 2/7/1 ) 

F2. Acetic acid (1RS,3RS,4RS)-^[?-(1,1-difluoro-niethoxy)-4-methoxy-phenyq-4- 
nltrocyclohexyl ester 
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The title compound is prepared analogously as described in Example 61 starting from compound G2. 

Starting Irom the appropriate compound G3 to G5 mentioned below, the following compounds F3 to 
F5 are obtained according to the procedure as in Example G1. 

F3. Acetic acid (1RS,3RS,4RS)-3-(3-ethoxy-4-methoxy-phenyl)-44iltrocyclohexyl ester 

F4. Acetic acid (1RS,3RS,4RS)-3-[4-(1,1-difluoro-methoi^)-3-meth03^-phenyl]-4- 
nitrocyclohexyl ester 

F5. Acetic acid (1RS,3RS,4RS)-3-[3-(2,2Klifluoro-ethoxy)-4-methoJV-phenyll^ 
nitrocyclohexyl ester 

F6. Acetic acid (1SR,3RS,4RS)-3-tert-biito)vcarbonylamino^-(3-etho)^-4-methoxy-phe 
c/clohexyl ester 

22.64 g (65 mmol) of [(1 RS,6RS)-6-(3-ethoxy4-methoxyi)henyl)HycIohex->3-enyOKart^ acid tert- 
butyl ester (compound G6) are dissolved in 180 ml of THF and 60 ml of BHs (1 M solution in THF) are 
added dropwise (30 min). After stining for 2 h the mixture is cooled using an ice bath and a mixture of 
30 ml of H2O2 (30%) and 60 ml of aqueous NaOH (3 M) is added. The mixture is stinted for 30 min at 
room temperature. 400 ml of water and 200 ml of dichloromethane are added. After phase separation, 
reextractlon of the water layer and drying of the combined organic layers (Na2S04) the solvent is 
removed arad the crude product (23.42 g, mixture of the two mentioned regioisomers 2:1 In favour of 
the title compound) is used directly without further purification. 

The crude material from above then is dissolved in 50 ml of pyridine. 50 mg of 4- 

dimethylaminopyridine and 60 ml of acetic anhydride are added and the mbdure stirred for 90 min at 

lOO^'C. The solvente and the acetic anhydride are removed (sat NaHCX)3 solution). Purification by 

means of chromatography yields 9.4 g of the title compound as coloriess foam. 

EF: C22 H33 N 06; MW: 407.51 

MS: 308.1 (MH*-Boc). 407.8 (IWH*). 430.1 (MNa*) 

F7. Acetic acid (1SR,3RS,4RS)-3-tert-butoxycarbonylamlno-4^3,4-dlmethoxy-phenyl)- 
cyclohexyl ester 

The frtle compound can be obtained from compound G7 analogously as described for compound F6. 

Gl Acetic acid (1RS,3RS,4RS)-3-(3,4<IImethoxyphenyl)^nltrocycIohexyl ester 
10.18 g of (1RS,3RS,4RS)-3-(3,4-dimethoxyphenyl)-4-nitrocyclohexanol (compound HI) are dissolved 
in 100 ml of acetic anhydride and the solution is heated to 100X for 1-2 h. After removal of the 
solvent, the residue is chromatographed on silica gel using a mixture of petroleum ether/ethyl aoetete 



wo 2005/077906 



.47- 



PCT/EP2005/050708 



in the ratio 2/1. Concentration of the conresponding eluate fractions furnish 10.37 g (89 % of theory) of 

the title compound as an oil. 

Rf= 0.32 (petroleum ether/ethyl acetate = 2/1) 

G2. (1RS,3RS,4RS)^.[3-(1,1.Difluoro-methoxy)-4.methoxy-phenyIl^nltrocyclo^^^^ 

The title compound Is prepared analogously as described In Example HI starting from compound H2. 

Starfing from the appropriate compound H3 to H5 mentioned below, the following compounds G3 to 
65 are obtained according to the procedure as in Example HI. 

G3. (1RS,3RS,4RS)-^3-Ethoxy-4*fnethoxy-pheiiyl)-4-nItroc^c^ 

G4. (1 RS,3RS«4RS)-3-[4-(1,1 *Difluoro-methoxy)-3-metho3^i}heiiyq-4-nifrocyclohexanol 

G5. (1RS,3RS,4RS)-3-[3-(2,24)muoro-ethoxy)^m6thoxy-phenyq-4*nItrM^ 

G6. [(1 RS,6RS)-€-(3-Ethoxy<4-methoxy-phenyl)-c^clohex-^-enya-carbamic add tert-butyl 
ester 

Starting from (1RS.6RS)-6-(3-ethoxy-4-methoxy-phenyl)-cyclohex-3-enylamine (compound H6)the 
tiiie compound is obtained analogously as described for compound G7. 
EF: C20 H29 N 04; MW: 347.46, 
rMS: 370.1 (MNa*) 

07. [(1RS,6RS)<«K3,44)lmetho)^-phenyl)-^lohex«^nyQ-carbamlc acid tert-butyl ester 
15.18 g (65.06 mmol) of (±>cis-6-(3,4-dlmethoxyphenyl)-cycloliex-3-enylamine (compound H7) and 
14^1 g (65.1 1 mmol) of BocaO are stirred In dichloromethane for 2.6 h, then the solvent is removed 
and the residue crystallized from ethylacetate/n-heptane to give 19.1 g of the title compound. 
EF: C19 H27 N 04; MW: 333.43, 
MS: 334.2 (MH*) 

HI. (1RS,3RS,4RS)-3-(3/l-Dlmethoxyphenyl)^ltrocycIohexanol 

10 g of (1RS,3RS,4SR)-3-(3,4-dlmethoxyphenyl)-4"nitrocycIohexanol (compound II) are dissolved In 
170 ml of absolute 1,2-dimethoxyethane. 14.3 ml of a 30 % solution of sodium methanolate in metha- 
nol are added dropwise. After complete addition, slimng is continued for 10 min and a mixture 
consisting of 85 % phosphoric acid and methanol is added to pH 1. By adding of saturated potassium 
hydrogencarbonate solution the resulting suspension is neutralized. The mbcture Is diluted with water 
and dichloromethane, the organic layer is separated and extracted with dichloromethane. The solvents 
are removed under reduced pressure to yield the fKle compound as a pale yellow oil, which 
crystallizes. The title compound is used without further purification in the next step. 
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Rf= 0.29 (petroleum ether/ethyl acetate = 1/1) 
M.p.: 126-127X 

H2. (1RS,3RS^R)'^'^K1f1*Difluoro-mefhoxy)-4-meth03QrH>henyl]<^ 

The title compound is prepared anaiogously as described in Example 11 starting from compound 12. 
Starting fifom the appropriate compound 13 to 15 mentioned below, the following compounds H3 to H5 
are obtained according to the procedure as in Example 11. 

H3. (1RS,3RS»4SR)«3-(3-Ethoxy-4-methoxy-phenyl)-4-nitrocyclohexanol 

H4. (1RS,3RS/iSR)-3-[4-(1,1-Difluoro-methoxy)-3-methoxy-phenyi]-4-nitrocyciohe^ 

H5. (1RS,3RS,4SR)-3-[3-(2,2-Difluoro-ethoxy)-4-mefho9Qr-phenyl]-4-nItrocyclohexa^ 

H6. (1RS,6RS)-6-(3-Ethoxy-4-methoxy't>henyl)-^clohex-3-enylamlne 

Starting from 2'«thoxy-1-methoxy-4-((1RS,6RS)-6HriitroKyclohex-3-enyl)-benzene (compound 16) the 

title compound Is obtained anaiogously as described for compound IH7. 

H7. (±)<is-6-(3,4-Dimethoxyphenyl)-cyclohex<^-enylamine 

40 g of (±)-cis-1,2-dimethoxy-4-(2-nitrocyc!ohex-4-enyl)benzene (compound 17) are dissolved in 400 
ml of ethanol and 40 g of zinc powder are added. After heating to boiling temperature, 65 ml of gladal 
acetic acid are added dropwise. Afterwards^ the reacbon mixture is filtrated and concentrated. The 
residue is redissolved in diluted hydrochloric acid and extraxted with toluene. The aqueous layer is 
alkalized using 6 N solution of sodium hydroxide and extracted several times with toluene. The 
combined oiiganic phases of the alkafic extraction are dried using sodium sulfiate and concentrated. 
The residue is chromatographed on silica gel. 1 1 .5 g of the title compound are obtained. 

II (1RS,3RS,4SR)-3-(3^-Dimethoxyphenyl)-4-nKrocyclohexanoI 
Under nitrogen atmosphere 16.76 g of (3RS/ISR)^(3,4-dimethoxyphenyl>4-nitrocyclohexanone 
(compound J1) are dissolved in 300 ml of tetrahydrofurane, the solution is cooled to -78*C, and 75 ml 
of 1 M solution of potassium tri-sec-butylborohydride in tetrahydrofurane is added dropwise. After 
stim'ng for further 1 h, a mixture consisting of 30% hydrogeneperoxide solution and phosphate buffer 
solution is added. Stining is continued for further 10 min, the reaction mixture is diluted with 400 ml of 
ethyl acetate and the aqueous layer is extracted with ethyl acetate, the combined organic phases are 
concentrated to give a foam, which is purified by chromatography on silica gel using a mixture of 
petroleum ether/ethyl acetate in the ratio 1/1 to furnish 10.18 g (60 % of theory) of the title compound. 
EF: C14H19NO5; MW: 281 .31 
MS: 299.1 (MNH4*) 
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Rf= 029 (petroleum ether/ethyl acetate s 1/1) 
M.p-: 139-14rC 

12. (3RS^R)-3-[3-(1,1-Difluoro-methoxy)-4-methoxy-phenyl]-4-nitrocyclohexanon 

The title compound is prepared analogously as described in Example J1 starting from compound J2. 

Starting from the appropriate compound J3 to J5 mentioned below, the following compounds 13 to 15 
are obtained according to the procedure as in Example J1 . 

13. (3RS^R)-3-(3-Ethoxy-4-mefhoxy-phenyi)-4-nltrocyclohexanone 

14. (3RS/(SR)-3-[4-(1,1-DifiuoroHmethoxy)-^-meth03V-phenyq-44iltro^^ 

15. (3RS^R)-3-[3-(2,2-Dlfluoro-efhoxy)-4-meth03V-pheiqrq-4-ni^^ 

16. 2-Ethoxy-lHmethoxy-4-((1RS,6RS)-6-nitro-cycIohex-3-enyl)-benzene 

Starting from 2-ethoxy-1-methoxy-4-((1RS,6SR)-6-nitro-<yclohex-3-enyl)-benzene (compound J6) the 
title compound is obtained analogously as described for compound 17. 

17. (±)-cls-1,2-Dlmethoxy-4-(2-nitrocyclohex-4^nyl)benzene 

10.0 g of (±)-trans-1,2-dimethoxy-4-(2-nitrocyclohex-4-enyl)benzene (compound J7) and 20.0 g of 
potassium hydroxide are dissolved In 150 ml of ethanol and 35 ml of dimethylformamide. A solution of 
17.5 ml of cone, sulfuric acid in 60 ml of ethanol is then added dropwise such that the internal 
temperature does not exceed 4''C. After stining for 1 h, the mbctuiB is added to 1 1 of ice water, the 
precipitate is filtered off with suction, washed with water and dried, and the cnide product is 
recrystellized in ethanol. 8.6 g of the title compound of m.p. 82^<^''C are obtained. 

Ji. (3RS^R)-3-(3^DImethQxypheiiyI)-4-nitrocyclohexanone 

90.0^ of 3,4-dimethoxy-aHiltrostyrene (compound K1), 90 ml of 2-trimethylsiiyioxy-1.3-butadiene and 
180 ml of abs. toluene are put in an autoclave, where the mixture Is stirred at 140**C for 2 days and 
then cooled. After addition of 1000 ml of ethyl acetate, 300 ml of a 2 N solution of hydrochloric acid 
are dropped under stining. The phases are separated and the aqueous layer Is extracted three times 
with dichloromethane. The combined organic extracts are washed with saturated sodium 
hydregencarbonate solution, dried over magnesium sulfate and the solvents are removed under 
reduced pressure to give 150 g of the cmde title compound. Further purification is carried out by 
chromatography on silica gel using petroleum ether/ethyl acetate in the ratio 1/1 as eluent to give 81.5 
g (67 % of theory) of the pure title compound. 
EF: C14H17NO5; MW: 279.30 
MS: 279 (M*), 297.1 (MNH4') 
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RfS 0.47 (petroleum ether/ethyl acetate = 1/1) 
M.p.: 147-148*0 

Starting from starting compounds, which are art-known or which can be obtained according to loiown 
procedures, such as e.g. as described in WO 95/01338 or analogously or similarly thereto, the 
following compounds J2 to J4 are obtained according to the procedure as in Example K1: 

J2. 3-(1,1-Dlfluoro-niethoxy)-4-methoxy-(o-nitrostyrene 
J3. 3-Ethoxy*4-metho9(y-a)-nltrostyrene 

J4. 4-(1,1-DlfluoroHmethoxy)-3-metho9gr-<o-nitrostyrene 

J5. 3-(2;24)ifluorO'^h03gf)-4-methoxy-(}>flKrostyrene 

The title compound is obtained starting from 3-(2,2-difluoro-ethoxy)-4-m6tho}cy-benzaldehyde 
(compound K2) acconling to the procedure as in Example K1. 
M.p.: 164-165*0 

J6. 2-Ethoxy-1-methoxy'4-((1RSy6SR)-6-nltro-cyclohex-3-enyl)-benzene 

Starting from 3-ethoxy-4-methoxy-a>-nitrosfyrene (compound J3) the title compound is obtained 
analogously as described for compound J7. 

J7. (±)-trans-1 ,2-Dinietho3^-4-(2-nltrocyclohex-4-enyl)benzene 

50.0 g of 3,4-dimethQxy-G>-nitros1yrene (compound K1), and 1.0 g (9.1 mmoi) of hydroqulnone are 
suspened In 200 ml of abs. toluene and treated at -70* C with 55.0 g (1.02 mol) of liquid 1,3- 
butadiene. The mixture is stinred at 160*0 for 6 days in an autoclave and then cooled. Some of the 
solvent is removed on a rotary evaporator, and the resulting precipitate Is filtered off with suction and 
recrystaliized in ethanol. M.p.: 113.5-115.5*0. 

K1 . 3|4-Dimethoxy-Q)-n itrostyrene 

207.0 g of 3,4-dimethoxybenzaldehyde, 100.0 g of ammonium acetate and 125 ml of nitromethane are 
heated to boiling for 3^ h in 1 .0 1 of glacial acetic acid. After cooling in an ice bath, the precipitate is 
filtered off with suction, rinsed with glacial acetic acid and petroleum ether and dried. M.p.: 140-141*0. 
Yield: 179.0 g. 

K2. 3-(2,2-DifluorO'^th03v)-4-meth03Qf4ienzaldehyde 

10.04 g of isovanillin and 1 5.5 g of potassium carisonate are placed in an autoclave. 50 ml of DMF are 
added as well as 12.44 g of 2-bromo-1.1-difluoroethane. The autoclave is closed and heated at 60*0 
for 20 h. Then the solids are filtered off and washed with 1 20 ml of DIVIF. About 120 ml of he solvent 
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are distilled off and the residue poured on 200 ml of fee/water, where the product predptates. After 
stining the slurry for 30 minutes the product is filtered off and dried to give 13.69 g of the desired 
product 

Commercial utility 

The compounds according to the Invention have useful phanmacclogical properties which make them 
industrially utillzable. As selective cyclic nucleotide phosphodiesterase (PDE) inhibitors (specifically of 
type 4), they are suitable on the one hand as bronchial therapeutics (for the treatment of ainvay 
obstmctlons on account of their dilating action but also on account of their respiratory rate- or resplra- 
toiy driv&4ncreasing acHon) and for the removal of erectile dysfunction on account of their vascular 
dilating action, but on the other hand especially for the treatment of disorders, In particular of an 
Inflammatory nature, e-g. of the airways (asthma prophylaxis), of the sWn, of the intestine, of the eyes, 
of the CNS and of the joints, whidi are mediated by mediators such as histamine, PAF (plateletactl- 
vating factor), arachidonic acid derivatives such as leukotrienes and prostaglandins, cytokines, 
InterieuWns, chemokines, alpha-, beta- and gamma-interferon, tumor necrosis factor (TNF) or oxygen 
free radicals and proteases. In this context, the compounds according to the invention are 
distinguished by a low toxicity, a good enteral absorption (high bioavailability), a large therapeutic 
breadtii and the absence of significant side effects. 

On account of tiieir PDE-lnhibHing properties, tiie compounds according to the Invention can be 
employed in human and veterinary medicine as therapeutics, where they can be used, for example, 
fertile treatment and prophylaxis of the following illnesses: acute and chronic (in particular 
Inflammatory and allergen-4nduoed) alnway disorders of varying origin (bronchitis, allergic bronchitis, 
brondiial astiima, emphysema, CORD); dermatoses (especially of proliferative, Inflammatory and 
allergic type) such as psoriasis (vulgaris), toxic and allergic contact eczema, atopic eczema, 
seborriioeic eczema, Lichen simplex, sunburn, pmritus in the anogenital area, alopecia areata, hyper- 
trophic scars, discoid lupus eryttiematosus, follicular and widespread pyodermias, endogenous and 
exogenous acne, acne rosacea and ottier proliferative, inflammatory and allergic skin disorders; 
disorders which are based on an excessive release of TNF and leukotrienes, for example disorders of 
tiie arthritis type (riieumatoid arthritis, rtieumatold spondylitis, osteoarttiritis and oflier arthritic condi- 
tions), disoitlers of flie Immune system (AIDS, multiple sclerosis), graft versus host reaction, allograft 
rejections, types of shock (septic shock, endotoxin shock, gram-negative sepsis, toxic shock syndrome 
and ARDS (adult respiratory distress syndrome)) and also generalized Inflammations In tiie 
gastrointestinal region (Crohn's disease and ulcerative colitis); disorders which are based on allergic 
and/or chronic, immunological false reactions In ttie region of tiie upper ainways (pharynx, nose) and 
flie adjacent regions (paranasal sinuses, eyes), such as allergic riiinitis/sinusitis, chronic riiinl- 
tis/slnusitis, allergic conjunctivitis and also nasal polyps; but also disorders of ttie heart which can be 
treated by PDE inhibitors, such as cardiac insufficiency, or disorders which can be treated on account 
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of the tissue-relaxant action of the PDE inhibitors, such as> Ibr example, erectile dysfunction or colics 
of the kidneys and of the ureters in connection vwth Iddney stones. In addition, the compounds of the 
invention are useful in the treatment of diabetes Insipidus, diabetes mellitus. leukaemia, osteoporosis 
and conditions associated with cerebral metabolic inhibition, such as cerebral senility, senile dementia 
(Alzheimer's disease), memory impairment associated with Parkinson's disease or multiinfarct 
dementia; and also illnesses of the central nervous system, such as depressions or arteriosclerotic 
dementia; as well as for enhancing cognition. 

The invention further relates to a method for the treatment of mammals. Including humans, which are 
suffering from one of the above mentioned illnesses. The method is characterized in that a therapeuti- 
cally active and phanmacofogically effective and tolerable amount of one or more of the compounds 
according to the invention is administered to the ill mammal. 

The invention further relates to the compounds according to the invention for use in the tiBatment 
and/or prophylaxis of illnesses, especially the illnesses mentioned. 

The invention also relates to the use of the compounds according to the invention for the production of 
pharmaceutical compositions which are employed for the treatment and/or prophylaxis of the illnesses 
menfioned. 

The invention also relates to the use of the compounds according to the inventton for the production of 
phanmaceutical compositions for treating disorders which are mediated by phosphodiesterases, In 
particular P0E4-medlated disorders, such as, for example, those mention^ in the specifk^ation of this 
invention or those which are apparent or known to the skilled person. 

The invention also relates to the use of the compounds according to the invention for the manufacture 
of pharmaceutical compositions having PDE4 inhibitory activity. 

The invention furthemfiore relates to pharmaceutical compositions for the treatment and/or prophylaxis 
of the illnesses mentioned, which contain one or more of the compounds according to the invention. 

The invention yet forthermore relates to compositions comprising one or more compounds according 
to this invention and a phanmaceutically acceptable canler. Said compositions can be used in therapy, 
such as e.g. for treating, preventing or ameliorating one or more of the abovementioned diseases. 

The Invention still yet furthermore relates to phannaceutical compositions according to this invention 
having PDE, particularly PDE4, inhibitory activity. 



wo 2005/077906 



PCT/EP2005/050708 



-53- 

Addtttonally, the invention relates to an article of nianufacture, which comprises padcaging material 
and a phannaceuticai agent contained within said paclcaging material, wheiein the phamnaoeutical 
agent Is therapeutically effective for antagonizing the effects of the cyclic nucleotide 
phosphodiesterase of type 4 (PDE4), ameliorating the symptoms of an P0E4-mediated disorder, and 
wherein the packaging material comprises a label or package insert which indicates that the 
phannaceuticai agent is useful for preventing or treating PDE4-mediated disorders, and wherein said 
pharmaceutical agent comprises one or more compounds of formula 1 according to the invention. The 
packaging material, label and package insert otherwise parallel or resemble what is generally regarded 
as standard packaging material, labels and package inserts for pharmaceuticals having related 
uUlitles. 

The pharmaceutical compositions are prepared by processes which are known per se and familiar to 
the person skilled in the art. As phannaceuticai compositions, the compounds according to the 
invention (=: active compounds) are either employed as such, or preferably in combination with 
suitable phanmaceutical auxiliaries and/or excipients, e.g. in the form of tablets, coated tablets, 
capsules, caplets, suppositories, patches (e.g. as TTS), emulsions, suspensions, gels or solutions, the 
active compound content advantageously being between 0.1 and 95% and where, by the appropriate 
choice of the auxiliaries and/or excipients, a phannaceuticai administration form (e.g. a delayed 
release fonn or an enteric form) exactly suited to the active compound and/or to the desired onset of 
adton can be achieved. 

The person skilled in the art is familiar with auxiliaries or exdpients which are suitable for the desired 
phanmaceutical fbnmulations on account of his/her expert knowledge. In addition to solvents, gel fDr- 
mers, ointment bases and other active compound exdpients, for example anUoxidants. dispersants, 
emulsifiers, preservatives, solubilizers, colorants, complexing agents or pemneation promoters, can be 
used. 

The administration of the phanmaceutical compositions according to the invention may be peribnmed 
in any of the generally accepted modes of administration available in the art Illustrative examples of 
suitable modes of administration include intravenous, oral, nasal, parenteral, topical, transdermal and 
rectal delivery. Oral delivery is preferred. 

For the treatment of disorders of the respiratory tract, the compounds according to the invention are 
preferably also administered by inhalation in the form of an aerosol; the aerosol partides of solid, 
liquid or mixed composition preferably having a diameter of 0.5 to 10 pm, advantageously of 2 to 6 
pm. 
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Aerosd generation can be carried out for example, by pressure-driven jet atomizers or ultrasonic 
atomizers, but advantageously by prope«ant<Iriven metered aerosols or propellanl-free administration 
of microniz^d active compounds from inhalation capsules. 

Depending on the Inhaler system used, in addition to the active compounds the administration fomts 
additionally contain the required exclpients, such as. for example, propellents (e.g. Frigen in the case 
of metered aerosols), surface-active substances, emulsifiers. stabilizers, preservatives, flavorings, 
fillers (e.g. lactose in the case of powder inhalers) or, if appropriate, further active compounds. 

For the purposes of Inhalation, a large number of apparatuses are available with which aerosols of 
optimum particle size can be generated and administered, using an inhalation technique which is as 
right as possible for the pattenL In addition to the use of adaptors (spacers, expanders) and pear- 
shaped containers (e.g. Nebulator®, Volumafic®), and automatic devices emitting a puffer spray 
(Autohaler®), for metered aerosols, In particular In the case of powder inhalera, a number of technical 
solutions are available (e.g. DIskhaler®, Rotadlsk®, Turbohaler® or the Inhaler described In European 
Patent Application EP 0 505 321). using which an optimal administration of active compound can be 
achieved. 

For the treatment of demiatoses, the compounds according to the invention are in particular admi- 
nistered in the form of those pharmaceutical compositions which are suitable for topical application. 
For the production of the pharmaceutical compositions, the compounds according to the invention (= 
active oompoupds) are preferably mbced with suitable phannaceutlcal auxiliaries and further 
processed to give suitable phamiaceutlcal formulations. Suitable phannaceutlcal fbnnulations are, for 
example, powders, emulsions, suspensions, sprays, oils, ointments, fatly ointments, creams, pastes, 
geld or solutions. 

The phanmaceutlcal compositions according to the invention are prepared by processes known per se. 
The dosage of the active compounds Is carried out in the order of magnitude customary for PDE 
inhibitors. Topical application fbnns (such as ointments) for the treatment of dermatoses thus contain 
the active compounds in a concentration of, for example, 0.1-99%. The dose for administration by 
Inhalation is customariy between 0.01 and 3 mg per day. The customary dose In the case of systemic 
therapy (p.o. or i.v.) is between 0.003 and 3 mg/kg per day. In another embodiment, the dose for ad- 
ministration by inhalation Is between 0.1 and 3 mg per day, and the dose In the case of systemic 
therapy (p.o. or Lv.) Is between 0.03 and 3 mg/kg per day. 
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Bioloalcal Investigations 

The second messenger cyclic AMP (cAMP) is well-known for inhibiting inflammatory and 
immunocompetent cells. The PDE4 isoenzyme is broadly expressed in cells involved in the initiation 
and propagation of inflammatory diseases (H Tenor and C Schudt, in ^Phosphodiesterase Inhibitors", 
21-40, pThe Handbook of Immunophanmaoolog/*, Academic Press, 1996), and tts Inhibition leads to 
an increase of the intracellular cAMP concentration and thus to the inhibition of cellular activation (JE 
Souness et al., immunopharmacology 47: 127-162, 2000). 

The antiinflammatory potential of PDE4 inhibitors in vivo in various animal models has been 
described (MM Tebceira, TiPS 18: 164-170, 1997). For the invesOgation of PDE4 inhibttion on the 
cellular level (in vitro), a large variety of proinflammatory responses can be measured. Examples are 
the superoxide production of neutrophilic (C Schudt et al., Arch Phamnacol 344: 682-690, 1991) or 
eosinophilic (A Hatzelmann et al.. Brit J Pharmacol 114: 821-831, 1995) granul0(^es, which can be 
measured as luminol-enhanced chemiluminescence, or the synthesis of tumor necrosis fiactor-a in 
monocytes, macrophages or dendritic cells (Gantner et al, Brit J Phanmacol 121: 221-231, 1997, and 
Pulmonary Phamnacol Thenap 12: 377-386, 1999). In addition, the immunomodulatory potential of 
PDE4 inhibitors is evident from the inhibition of T-cell responses like cytokine synthesis or proliferation 
(DM Essayan, Blochem Pharmacol 57: 965-973, 1999). Substances which inhibit the secretion of the 
aibreHnentioned proinflammatory mediators are those which inhibit PDE4. PDE4 inhibition by the 
compounds according to the invention Is thus a central indicator for the suppression of inflammatory 
processes. 

Methods for measuring Inhibition of PDE4 activity 

The PDE4B2 (GB no. M97515) was a gift of Prof. M. ContI (Stanford University, USA). It was 
amplified from the original plasmid (pCMVS) via PGR with primers Rb9 (5'- 
6CCAGCGTGCAAATAATGAAGG -3') and RblO (5'- AGAGGGGGATTATGTATCCAC -3') and 
cloned into the pCR-Bac vector (Invitrogen, Groningen, NL). 

The recombinant baculovirus was prepared by means of homologous recombination In SF9 insect 
cells. The expression plasmid was cotransfected with BaoN-Blue (Invitrogen, Groningen, NL) or 
Baculo-Gold DMA (Pharmingen, Hamburg) using a standard protocol (Pharmingen, Hamburg). Wt 
virus-free recombinant virus supernatant was selected using plaque assay methods. After that, high- 
titre virus supernatant was prepared by amplifying 3 times. POE was expressed in SF21 cells by 
infecting 2x10^ cells/ml with an MOI (multiplicity of infection) between 1 and 10 in serum-free SF900 
medium (Life Technologies, Paisley, UK). The cells were cultured at 28**C for 48-72 hours, after 
which they were pelleted for 5-10 min at 1000 g and 4°C. 



wo 2005/077906 



PCT/EP2005/050708 



-56- 



The SF21 insect cells were resuspended, at a concentration of approx. 10^ cells/ml, in ice-cold (4X) 
homogenization buffer (20 mM Tris, pH 8.2, containing the following additions: 140 mM NaCI, 3.8 mM 
KCI, 1 mM EGTA, 1 mM MgClz. 10 mM p-mercaptoethanol. 2 mM benzamidine, 0.4 mM PefaWocIc, 
10 jiM leupeptln, 10 pepstatin A, 5 jiM trypsin inhibitor) and disrupted by ultrasonlcallon. The 
homogenate was then centrifuged for 10 min at lOOOxg and the supernatant was stored at -80*C until 
subsequent use (see below). The protein content was detemiined by the Bradford method (BIoRad. 
Munich) using BSA as the standard. 

PDE4B2 activity is inhibited by the said compounds in a modified SPA (scintillation proximity assay) 
test supplied by Amersham Biosciences (see procedural Instructions "phosphodiesterase piHJcAMP 
SPA erayme assay, code TRKQ 7090"), canied out In 96-well microtltre plates (MTPs). The test 
volume is 100 ^i and contains 20 mM Trls buffer (pH 7.4), 0.1 mg of BSA (bovine serum albumln)/ml, 
5mM Mg^, 0.5 jiMcAMPOnduding about 50.000 cpm of [3H]cAMP), 1 pJ of the respective substance 
dilution in DMSO and sufRcfent recombinant PDE (lOOOxg supernatant, see above) to ensure that 
10-20% of the cAMP is converted under the said experimental conditions. The final concentration of 
DMSO In the assay (1 % v/v) does not substantially affect the activity of the PDE Investigated. After a 
preincubation of 5 min at 37**C, the reaction is started by adding the substrate (cAMP) and the assay is 
incubated for a further 15 min; after that, it is stopped by adding SPA beads (50 nJ). In accordance 
witii the manufacturer's instructions, tiie SPA beads had previously been resuspended in water, but 
were tiien diluted 1:3 (v/v) in waten the diluted solution also contains 3 mM IBMX to ensure a 
complete PDE activity stop. After the beads have been sedimented (> 30 min), the MTP's are 
analyzed In commercially available luminescence detection devices. The conresponding ICso values of 
the compounds for the Inhibition of PDE activity are determined from the concentration-eflfecl curves 

means of non-linear regression.Representative inhibitory values detenmined for the compounds 
according to the invention follow from flie following teble A. in which the numbers of the compounds 
conespond to the numbers of the Examples. 

Table A 



Inhibition of the PDE4 activity 



Compound 


-log ICn 


1 


The inhibitoiy values 


2 


of these listed 


3 


compounds are 


4 


higher than 7^ 


5 




6 
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Patent Claims 

1. Compounds of fbmiula 1 




in which 

R1 Is hydroxyl, 1-4C-all^oxy, 3-7C-cycloallcoxy. 3-7G-cycloalkyImethoxy, 2.2-dIfluoroethoxy, or 

completely or predominantly fluorlne-subsBtuted 1-4C-alkoxy, 
R2 Is hydroxyl, I^IC-alkoxy. 3-7C-cycloalkoxy, a-TC-Qrdoalkylmethoxy. 2.2-dHluoroetho)q^, or 

completely or predominantly fluorine-substituted 1-4C-alkoxy, 
or In which 

R1 and R2 together are a 1-2C-allqrlenedloxy group, 
R3 is hydrogen or 1 -4C-a!kyl, 
R31 Is hydrogen or 1 -4C-alkyl, 

either, in a first embodiment (embodiment a) according to the present invention, 
R4 is-0-R41,inwhich 

R41 is hydrogen, 1 -4C-alkyl. completely or predominantly fluorine-substituted 1-4C-alkyl, 1-4C- 

alkoxy-1-4C-alkyl, hydroxy-2-4C-alkyl or 1-7C-alkylcarijonyl, and 
R5 is hydrogen or 1 -4C-alkyl, 

or, in a second embodiment (embodiment b) according to the present invention, 
R4 is hydrogen or 1-4C-alkyl, and 
R5 is-0-R51,lnwhlch 

R51 is hydrogen, 1-4C^Ikyl, completely or predominantly fluorine-substituted 1-4C-alkyl, 1-4C- 

alko3V-1-4C-alkyl, hydroxy-2-4C-alkyl or 1-7C-alkylcart)onyl, 
R6 Is hydrogen, halogen, nitro, 1-4G-alkyl. trifluoromethyl or 1-4G-alko)qr. 
R7 is a radical of fonnulae (a), (b), (c) or (d) 
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HN 



NH2 



NH 



(a) 




(d) 



in which 



if R7 is a radical of the formula (b), 
either 

R8, R9, RIO and R11 Independently of one another are hydrogen, 1-7C-alkyl. 3-7C-cycloalkyl, 
3-7C-Qrcloalkylmethyl, cyano, hydroxy-2-4C-alky!. 1-4C-aIka)y-2-4(>alkyl or R28, 

or 

R8 is hydrogen. 1-7C-aikyI, 3-7C-Qrcloalkyl. 3-7C-cyc!oall<ylmethyl, hydroxy-2-4C-alkyl, 1-4C- 
allcoxy-2-4C-allcyi or IR28. 

R9 is Is hydrogen, 1-7C-allcyl. 3-7C-cycloallcyl, 3-7C-cycloallcyImethyl, hydroxy-2-4C-aIkyl, 1- 
4C-alkoxy-2-4C-allvl or R28, and 

RIO and R11, together and Including the nitrogen atom to which both are bonded, are a pyrroli- 
din-1-yl, piperidin-1-yl, azepan-1-yl, azocan-1-yl, azonan-1-yl, azecan-1-yl, morpholin-4-yl, 
tetrahydrolsoqulnolin-2-yl,tetrahydro-6,7-dimethoxylsoqulnolin-2-yl, 3,5-dimethyl-pyrazol-1-yl, 
pyrazDl-1-yl, 2,6-dimethyl-morpholln^yl, 2,6-dimethyl-plperidIn-1-yl. 4-benzyl-piperidin-1-yl, 
thiomorpholln-4-yl or 1H-1,2,4-trfazoM-yl radical, or a piperazin-1-yl radical substituted In 4- 
posltionbyR19, 



R8 is hydrogen, 1-7C-allcyl, 3-7C-cycloalkyl, 3-70<ycloallQrlmethyl, hydroxy-2-4C-allcyl. 1-40 
alkoxy-2-4C-alkyl or R28, 

R9 is hydrogen, 1-7C-alkyi. 3-7C-cycloalkyl, 3-7C-cycloalkylmethyl, hydroxy-2-4C-alkyl, 1-4C- 
alkoxy-2-4C-alkyl or R28, 

RIO is hydrogen, 1-7C-aikyl, 3-7C-cycloaikyl, 3>-7C-cycloalkylmethyl, hydroxy-2-4C-alkyl, 1-4C- 
alkoxy-2-4C-alkyl or R28, and 

R11 isAryil, naphthyl, phenyl, phenyl substituted by R20 and/or R21, phenyM-4C^kyl or 
phenyi-1-4C-alkyl substituted by R22 and R23, 

In whidi 

If R7 is a radical of the fomnula (c), 
either 

R12, R13, R14 and R15 independently of one another are hydrogen, 1-7C-alkyl, 3-7C-cyclo- 
alkyl, 3-7C-<ycloalkylmethyl, hydroxy-2-4C-alkyl, 1-4C-alkoxy-2-4C-alM or R28, 

or 



or 
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R12 and R13 independently of one another are hydrogen, 1-7C-alkyl, 3-7C-Qrcloalkyl. 
a-TC-cydoalkytmethyl, hydr(»{y-2-4C-alkyl, 1-4<>«lkoxy-2-4C>a)kyl or R28, and 
R14 and R1 5. together and including the nitrogen atom to which both are bonded, are a pymjll- 
din-1-yl. piperidin-1-yl, azepan-1-yl, azocan-1-yl, azonan-1-yl, azecan-l-yl, morpholIn-4-yl, 
tetrahydroisoquinolin-2-yl,tetrahydro-6.7-dimethoxyisoquinolin-2-yl, 3,5-dimethy|.pyra20i-1-yl, 
pyrazol-1-yl. 2,6-dimethyi-morpholln-4-yl. 2,6-dimethyl-piperidin-1-yl, 4-benzyI-piperidin-1-yl. 
thiomorpholin-4-yl or 1H-1,2,4-tria2ol-1-yl radical, or a piperazin-1-yI radical substituted in 4- 
positon by R19, 

w 

R12 and R13, together and indudbig the nitrogen atom to which both are bonded, are a pyrroli- 
din-1-)i. piperidin-l-Ti. azepan-1-yl. morphoiino^yl. 4-(1-4C-alkyl-)-piperazin-1-yl, 2.6-di- 
methyI-niofphoIin-4-yl, 2.6-dlmethyI-plperidin-1-yl. 4-ben2yl-piperidin-1-yl orthlomorphofln-4-yl 
radical, and 

R14 and R15, together and including the nitrogen atom to wWch both are bonded, are a pynoli- 
dln-1-yl. piperidin-1-yl, azepan-l-yl, morpholino-4-yl, 4-(1-4C-alkyl-)-piperazin-1-yl. 2,6- 
dimethyl-morpholln-4-yl. 2.6-dimethyl-piperidin-l-yl, 4-benzyl-piperidin-1-yl orthiomorphoiin-4- 
yl radical, 

or 

R12 and R15 independently of one another are hydrogen or 1-4C-alkyl, and 

R13 and R14, together and with inclusion of the N-C(=)-N stnicture to which they are bonded. 

are a hexahydropyrimidin-2-yiidene or Imida2olidin-2-ylidene radical, 

in which 

if R7 is a radical of the formula (d), 

R16 is hydrogen, 1-7C-alkyl, 3-7C-cycloalkyl, 3-7C-cycIoailcyImethyl, hydroxy-2-4C-all{yl, 1-4C- 
alkoxy-2-4C-aliQrl or R28, and 

R17 and R18, together and with inclusion of the N-C(-)-N stnjcture to which they are bonded 
areAiyi2, 

Aiyll Is4-methyithiazoi-2-yl, benzImfdazol-2-yl, 5-nitrobenzimidazol-2-yl, 5-chloroben2imidazol-2-yl, 
5-m^ylbenzimldazol-2-yl, 4-methylquinazolin-2-yl, benzothla2Bl-2-yl. benzoxazol-2-yi or 
pyrimidin-2-yl, 

Aiyl2 is 1'inethyl-4-oxo-4,5-dihydro-1H-imida20l-2.yl. imida2oi-2-yl. 4.5-diQ«no-imida2ol-2-yi, 4-me- 
thyI4mldazol-2-yl, 4-ethyl-benzlmldazol-2-yl, 4-acetyl-lmidazol-2-yl, 1H-I1,2.4Jtriazol-3-yl. beni- 
lmldazDl-2-yI, 1-methyl-benzlmldazol-2-yl, 1^thyl-bendmida2ol-2-yl, 5,6-dimethyl- 
benzimidazol-2-yl, purin-8-yl, 6^Ino-7-methyl-7H-purine-8-yI, 1,e-dimethy«mldazoI4,5. 
b]pyridin-2-yi, 1 ,6,6-trimethyIimldazoI4,5-b]pyridin-2-yl, 1 ,3-dimethyl-3.7-dihydrD-1H-purin©-2,6- 
dione-a-yi, 7-ethyl-3-methyl-3,7-dihydiio-purine-2,6-dione-8-yl, 1 ,3,7-trimethyl-3,7-dihydro- 
purine-2,6-dione-8-yI, thiadiazolyl, 1,4-dihydrotetrazol-5-yl, 1H-I1,2,4]triazoI-3-yI, 
1.3-dihydrobenzimidaz!ol-5-yl, 1H-teiraa)l-5-yl, pyrimidln-2-yl or4,6-dimethyi-pyi1midin-2-yl, 
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R19 is 1-4C-aikyl, formyl, 3-7C-cydoallcyl, 3.7C-(ycloalkylmethyl, 1-4C.alkoxycarbonyl-1-4C-alkyl. 

1^4C-alkyrcarbonyi, hydroxy-2-4C-alkyl. 1-4C-alkoxy-2-4C-alkyI. hydroxy-2-4C-aIkoxy-2-4C- 

alkyl. 1-4C-alkoxy-2-4C-alkoxy-2-4C-alkyl, phenyl, phenyl substituted by Fi24 and/or R25. 

lben2o(1,3)dioxol]-5-ylmethyl, phenyl-1-4C-alM or phenyl-1-40alkyl substituted In the phenyl 

moiety by R26 and/or R27, 
R20 is halogen, nitro, carboxyl. 1-4C-alkyl. trrfluoromethyl or 1-4C-alkoxy, 
RZ1 is halogen. 1-4C-alkyl or 1-4C-alkoxy. 

R22 is halogen, nItro, carboxyl, 1-4C-alkyl. trifluoromethyl or 1-4C-alkoxy, 
R23 is halogen, 1-4C-alkyl or 1-4C-alkoxy. 

R24 Is halogen. nItro, carboxyl, 1-4C-alkyl. 1-4C-alkylcarbonyl, trifluoromethyl or 1-4C-alkoxy. 
R25 is halogen, 1-40alkyi or 1-4C-alk0)Qf, 

R% is halogen, nitro. carboxyl. 1-4C-alkyi, trifluoromethyl or 1-4C-alkoxy, 
R27 is halogen, 1-4C-alkyl or 1-4C-alkoxy, 
R28 is IR29(R30)N-2-4C-alkyl wherein 

R29 and R30, together and including the nitrogen atom to which both are bonded, are a pyrrolldin-l- 
yl, piperidin-1-yl, piperazin-1-yl, 4-(1-4C-alkyl-)p!pera2ln-1-yl, azepan-lyl. azocan-1-yl. azonan- 
1-yl, azecan-1-yl, tetrahydnolsoquinolin-2-yl, tetrahydro-6,7-dlmethoxyisoquinoIin-2'yl, 3,5- 
dfmethyl-pynazol-1-yl, pyrazoH-y1. morpholin^yl, 2.6-dimethyI-morphoIln-4-yl, 2,6-dimethyl- 
piperidin-1-yi, 4-benzyl-piperidin-1-yi, thiomorpholin^yl or 1H-1.2,4-triazoH-yl radical, 

the salts of these compounds, as well as the N-oxides, enantiomers, EfZ isomers and tautomere of 

these compounds and their salts. 

2. Compounds of formula 1 according to daim 1 in which 

R1 is 1-2C-alkoxy, 3-50<ycioalkoxy, 3-5C-cycloalkylmethoxy, 2,2-difluonoethoxy, or completely or 

predominantly fluorine-substituted 1-2C-aikoxy, 
R2 is 1 -2C-a!ko)Q(, 3-5C-cycloa!koxy, 3-5C-cycloall^methoxy, 2,2-difluorcethoxy, or completely or 

predominantly fluorine-substituted 1-2C-aikoxy, 
R3 is hydrogen, 
R31 is hydrogen, 

either, in a first embodiment (embodiment a) according to the present invention, 

R4 is-0-R41,inwhich 

R41 is hydrogen or 1 -4C-allqdcari)onyl, and 

R5 is hydrogen, 

or, In a second embodiment (embodiment b) according to the present invention, 

R4 is hydrogen, and 

R5 is-0-R51.inwhlch 

R51 Is hydrogen or 1 -4C-alkylcart5onyl, 

R6 is hydrogen, halogen, nitro, 1-4C-alkyl, trifluoromethyl or 1-4C-alko)qf, 
R7 is a radical of fomiulae (a), (b), (c) or (d) 
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HN 



NH 



(a) 




(d) 



in which 

if R7 is a radical of Ihe formula (b), 
either 

R8 Is hydrogen, and 

R9, RIO and R1 1 independently of one another are hydrogen, 1-4C^aiicyl, 3-70cycloallcyl or 
3-7C-cyctoall^lm6thyl, 

or 

R8 is hydrogen, 

R9 is hydrogen, 1-4C-alkyl, 3-7C-cycIoallcyI or3-7C-cycloaII«ylmethyl, and 

R10 and R11, together and including the nitrogen atom to which both are bonded, are a pyrroli- 

din-l-yl, piperidln-1-yl, azepan-l-yl, azocan-1-yl. azonan-1-yl, azecan-l-yl, morpholin-4-yl, 

tetrahydroisoquinolin-2-yl, 3,6-diniethyl-pyra2ol-.1-yl, pyrazol-l-yl, 2,6-dimethyl-morpholin-4-yl 

or2,6-dimefhyl-piperIdIn-1-yl radical, or a piperazin-1-yl radical substituted in 4-position tyy 

R19. 

or 

R8 is hydrogen, 

R9 Is hydrogen, 1-7C-all<yl. 3-7C-<ydoailQfl or 3-7C<ycloalkylmethjrf. 

R10 is hydrogen, 1-70allvl, 3-7C-cycloalkyl or3-7C-cycloall<ylmethyI, and 

R11 is Aryll, naphthyl, phenyl, phenyl substituted by R20 and/or R21, phenyM-4C-alkyl or 

phenyi-1-40allcyl substituted by R22 and R23, 

in which 

if R7 is a radical of the formula (c), 
either 

R12, R13, R14 and R15 Independently of one another are hydrogen, 1-4C-alkyl, 3-7C-cyclo- 
allcyl or 3-7C-cycloall(ylmethyl, 

or 

R12 and R13 Independently of one another are hydrogen, 1-4C-all^l, 3-7C-cycioalI(yl or 
3-7C-cycloalkylmethyl, and 

R14 and R15, together and including the nitrogen atom to which both are bonded, are a pynoll- 
din-1-yl, plperidln-1-yl, azepan-1-yl, azocan-1-yl, azonan-1-yl, azecan-1-yl, morpholin-4-yl, 
tetrahydroisoquinolln-2-yI, 3,6-dimethyl-pyrazoi-1-yl, pyrazol-1-yl, 2,6-dimethyi-morpholin-4-yl 
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or 2,6-dimethyl-piperidIn-1-yl radical, or a piperazin-1-yl radical substituted in 4-position by 
R19, 

or 

R12 and R13, together and including the nitrogen atom to which both are bonded, are a pyrroli- 
din-1-yl. piperidin-1-yl. azepan-1-yI, morpholino-4-yl. 4-(1-4C-allcyl-)-plpera2in-1-yl, 2,6-di- 
methyl-morphojin-4-yl or2,6-dimethyl-piperidin-1-yl radical, and 

R14 and R16, together and including the nitrogen atom to which both are bonded, are a pyrroli- 
din-1-yl, piperidin-1-yl, azepan-1-yl, morpholino-4-yl, 4-(1-4C-allcyl-)-pipera2in-1-yl, 2,6- 
dimethyl-morpholin-4-yl or 2,6-dimethyl-piperidin-1-yl radical, 

or 

R12 and R15 Independently of one another are hydrogen or 1-4C-alkyl, and 

R13 and R14, together and with inclusion of the N-C(s:)-N structure to which they are bonded, 

are a hexahydropyrimidin-2-ylid6ne or imidazolidin-2-ylidene radical, 

in which 

if R7 is a radical of the formula (d), 
R16 is hydix>gen, and 

R17 and R18, together and with inclusion of the N'-C(-)-N structure to which they are bonded 
areAryl2, 

Aryll Is 4-methylthiazol-2<-yl, ben2imidazol-2-yl, 5-nitrobenzimidazoI-2-yl, 5-chIorobenzimidazoi-2-yl, 
5-methyIbenzimidazol-2-yl, benzothlazol-2-ylorbenzoxazol-2-yi, 

Aryl2 Is 1-methyl-4-axo-4,5-dihydio-1H-imldazol-2-yl, imidazol-2-yl, 4,5-dicyano-imidazol-2-yl, 4-me- 
thyHm(da2X>l-2-yl,4-6thyl-b6nzimidazol-2-yl, 4-acetyl-lmldazol-2-yl, 1H-I1A4]tria2X)l-3-yl. benz- 
imidazoi-2-yl, 1-methyl-ben2imidazol-2-yl, 1-ethyl-benzimidazol-2-yl, 5,6-dimethyl- 
benzimidazol-2-yl, purin-8-yl, 6-amino-7-methyl-7H-purine-fr-yl, 1,6-dimethylcmidazo[4,5- 
b]pyridin-2-yl. 1 ,5,6-trimethylimidazo[4,5-b]pyridin-2-yl, 1 ,3-dimethyi-3,7-dihydro-1 H-purine-2,6- 
dione-&-yl, 7-ethyl-3-methyl-3,7-dihydro-purine-2,6-dione-8-yl, 1 ,3,7-trimethyl-3,7-dihydro- 
purine-2,6-dione-8-yl or 1H-[1,2,4]tria2ol-3-yl, 

R19 is 1"4C-ailcyl, fomiyl, 1-4C-allcyicarbonyl, 2-hydroxyethyl..phenyl, phenyl substituted by R24 
and/or R25, phenyl-1-4(>-ali^ or phenyl-1^-aikyl substituted in the phenyl moiety by R26 
and/or R27, 

R20 is halogen, nitro, 1-4C-alkyl or 1-4C-alkoxy, 

R21 is halogen, 1 -4Cnaikyl or 1 -4C-alkoxy, 

R22 is halogen, nitro, 1-4C-dlkyl or 1^-alkoxy, 

R23 is halogen, 1 -4C-alkyi or 1 ■4C-alkoxy, 

f^4 is halogen, nitro, carboxyl, 1-4C-alkyl or 1-4C-alkoxy, 

IR25 is halogen. 1 -40alkyl or 1 -4C-alkoxy, 

R26 is halogen, nitro, 1-4C-alkyl or 1-4C-alkoxy, 

R27 is halogen, 1-4C-alkyl or 1-4C-alkoxy, 
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the salts of these compounds, as well as the N-oxldes, enantiomers, E/Z isomers and tautomers of 
these compounds and their salts. 

3. Compounds of fomiula 1 according to claim 1 in which 

R1 IS 1-2C-alkoxy, 2,2-dlfluoro6thoxy, or completely or predominantly fluorine-substituted 
1-2C"alkoxy, 

R2 is 1-2C-alkoxy, 2.2-difluoroethoxy, or completely or predominantly fluorine-substituted 

1-2C-alkoxy. 
R3 is hydrogen. 
R31 is hydrogen. 

either, In a first embodiment (embodiment a) according to the present invention, 

R4 ls-0-R41,lnwhlch 

R41 is hydrogen or 1-4C-alkylcarbonyl, and 

R5 is hydrogen, 

or, in a second embodiment (embodiment b) according to the present Invention, 

R4 Is hydrogen, and 

R5 Is -0-R51,fn which 

R51 is hydrogen or 1 -4C-alkylcarbonyl, 

FB Is hydrogen, 

R7 is a radical selected firom 




NH 
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NH 




9 



* 




the salts of these compounds, as well as the N-oxides, enantiomers, E/Z isomers and tautomers of 
these compounds and their salts. 

4b Compounds of formula 1 according to claim 1 1n which 

R1 is 1 -20alkoxy, or completely or predominantly fluorine-substituted 1 -2C-alko)^, 

R2 is 1-20alkoxy, or predominantly fluorine-substituted 1 -2C-alkoxy, 

R3 is hydrogen, 

R31 (s hydrogen, 

R4 is-0-R41,lnwhich 

R41 Is hydrogen or 1 -4C-alkylcarbonyl, and 

R5 is hydrogen, 

R6 is hydrogen, 

R7 is a radical of formula (c) 



In which 
either 

R12 is hydrogen, 
R13 is hydrogen, 

R14 Is hydrogen or 1-4C-alkyl, and 
R15 is 1-4C-alkyl or 3-7C-cycloalkyl, 

or 

R12 is hydrogen, 
R13 is hydrogen, and 



R12 
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R14 and R15, together and including tlie nitrogen atom to which both are bonded, are a pyndi- 
din-1-yl. piperidln-1-yl, azepan-1-yl. azocan-l-yl. azonan-1-yl or moipholin-*-yJ, radical, or a 
piperazin-1-yI radfcal substituted In 4-postfion by R19. in which 
R19 is 1-4C-all<ylcarbonyi. 

the salts of these compounds, as well as the N-oxides. enantlomere. E/Z isomers and tautomere of 
these compounds and their salts. 

S. Compounds of formula 1 according to claim 1 1n which 

R1 is methoxy. or ethoxy, 

R2 is methoxy, ethoxy. 2,2-dlfluoroethQxy. or difluoromethoxy, 

R3 is hydrogen, 

R31 Is hydrogen, 

R4 is-0-R41.Inwhlch 

R41 is hydrogen, and 

R5 is hydrogen, 

R6 is hydrogen, 

R7 Is bonded to the meta or para position with respect to the binding position In which the phenyl 
ring is bonded to the phenanthridlne ring system, and is a radical of formula (c) 

-T- 

in which 
either 

R12 is hydrogen, 
R13 Is hydrogen, 

R14 is 1-4C-alM. such as e.g. 1-2C-allq^, and 
R15 is 1-4C-aIM, such as e.g. 1-2C-alM, 



or 



R12 Is hydrogen, 
R13 is hydrogen, 
R14 is hydrogen, and 

R15 is 3-5C-cycloalIqrt, such as e.g. cyclopropyl, 

R12 is hydrogen, 
R13 is hydrogen, and 

R14 and R15, together and Including the nitrogen atom to which both are bonded, are a 
pymolidln-1-yl, piperidin-1-yI, azepan-1-yI, azocan-l-yl. azonan-l-yl or morpholin^yi radical, 
or a plperazln-1-yl radical substituted in 4-posltion by R19, in which 
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R19 is 1-40alkylcarbonyl, 

the salts of these compounds, as well as the N-oxIdes, enantlomers, EJZ Isomers and tautomers of 
i compounds and their salts. 



6. Compounds of fomnula 1 according to daim 1 in which 

R1 Is methoxy, 

R2 is methoxy, eihoxy, difluoromethoxy, or 2,2-difluoroethoxy, 

R3 is hydrogen, 

R31 Is hydrogen, 

R4 is-0-R41,inwhich 

R41 is hydrogen, and 

R5 is hydfogen, 

R6 is hydrogen, 

R7 is bonded to the meta or para position with respect to the binding position in which the phenyl 
ring is bonded to the phenanthridine ring system, and Is a radical of formula (c) 

T 



^R14 



in which 
either 

f^tz is hydrogen, 
R13 is hydrogen, 
R14isethyi, and 
R15 is ethyl, 



or 



R12 is hydrogen, 
R13 is hydrogen, 
Rl4 is hydrogen, and 
R15 is (^dopropyl, 



or 



R12 is hydrogen, 
R13is hydrogen, and 

R14 and R15, together and including the nitrogen atom to which both are bonded, are an 
azocan-l-yl radical, or a plperazin-1-yl radical substituted In 4-positlon by R19, In which 
R19 is acetyl, 

the salts of these compounds, as well as the N-oxides, enantlomers, E/Z isomers and tautomers of 
these compounds and their salts. 
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7. Compounds of formula 1 according to claim 1 selected lirom 

1. N4H4H(2RS.4aRSJ0bRS)-9-(1.1-Dlfluoro-methoxy)-2-hydro^^ 
hexahydro-phenanthridin-6-yl]i3henyI}-methanoyl>N , N-diethyl-guanidine 

2. N-(1-Amino-1-azocan-1-yl-methylene)-4-[(2RS,4aRSJ0bRS)-9-(1,1-difluoro-metho^^^ 
hydroxy-8-methoxy-1 ,2,3,4,4a,1 Ob-hexahydro-phenanthridin-6-yI]-ben2amide 

3. N-CycIopropyl-N*-(H4-[(2RS,4aRS J0bRS)-9-(1 ,1 -difluoro-methoxy)-2-hydro)<y-8-meth 
1 ,2,3,4,4a,1 0b-hexahydro-phenanthridln-6-yl]-phenyl}-methanoyl>-guanldlne 

4. N-[1-(4-Acefyl-plpera2in-1-yl)-1-aminoHfnethylene]-4-((2RS,4aRS,10bRS)-^^ 
dlmethoxy-1,2,3,4,4a,10b-hexahydro-phenanthridin-6-yl)-benzamide 

5. N,N-Diethyl-Nr-{1-[4-((2RS,4aRS.10bRS)-2-hydroxy-«,9<iim^ 
ph6nanthridin-6-ylH>henyq-methanoyl}-guanldine and 

6. N-(1-Amino-1-azocan-1-yl-me%len6)-4-((2RS,4aRS,10bRS)-24iydro 
1,2,3,4,4a,10b-hexahydro-phenanthridin-6-yl)-benzamide, 

tlie sails of these compounds, as well as the N-oxides, enantiomers, E/Z isomers and tautomers of 
these compounds and their salts. 

8. Compounds of fomnula 1 according to any of the preceding claims, which have with respect to 
the positions 4a and 10b the configuration shown in formula 1*: 




R7 

the salts of these compounds, as well as the N-oxides, enantiomers, E/Z isomers and tautomers of 
these compounds and their salts* 

9- Compounds of fonmula 1 according to any of the preceding claims, which have with respect to 
the positions 2, 4a and 10b, or, respectively, 3, 4a and 10b the configuration shown either in fomiula 
la***** or in fomiula ib*****: 
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the salts of these compounds, as well as the N-oxIdes, E/Z Isomers and tautomers of these 
compounds and their salts. 

10. Compounds of the fbnmula 1 according to claim 1 for use in the treatment of diseases. 

11. A phanmaceutical composition comprising one or more compounds of formula 1 according to 
claim 1 together with customary pharmaoeutical exdpients, diluents and/or vehicles. 

iZ The use of compounds of fomiula 1 according to claim 1 for the production of phanmaceutical 
compositions for treating respiratory disorders. 

13. A method for treating illnessesTin a patient comprising administering to said patient a 
therapeutically effective amount of a compound of fonnula 1 as claimed in claim 1 . 

14. A method for treating ainway disorders in a patient comprising administering to said patient a 
therapeutically effective amount of a compound of Ibmiula 1 as claimed in claim 1. 
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